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2. HEALTH EFFECTS
2.1 | NTRODUCTI ON

Thi s chapter contains descriptions and eval uati ons of studies and
interpretation of data on the health effects associated with exposure to
NDVA. Its purpose is to present |evels of significant exposure for NDVA
based on toxicol ogi cal studies, epidemological investigations, and
envi ronment al exposure data. This information is presented to provide
public health officials, physicians, toxicologists, and other interested
i ndividuals and groups with (1) an overall perspective of the toxicology of
NDVA and (2) a depiction of significant exposure |evels associated with
vari ous adverse health effects.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals address the needs of persons
living or working near hazardous waste sites, the data in this section are

organi zed first by route of exposure -- inhalation, oral, and dernmal -- and
then by health effect -- death, systenic, immnol ogical, neurol ogical,

devel opnental , reproductive, genotoxic, and carcinogenic effects. These
data are discussed in terns of three exposure periods -- acute,

i nternmedi ate, and chronic.

Level s of significant exposure for each exposure route and duration
(for which data exist) are presented in tables and illustrated in figures.
The points in the figures showi ng no-observed-adverse-effect |evels (NOAELS)
or | owest-observed-adverse-effect levels (LOAELs) reflect the actual doses
(level s of exposure) used in the studies. LOAELs have been classified into
"l ess serious" or "serious" effects. These distinctions are intended to
hel p the users of the docunent identify the | evels of exposure at which
adverse health effects start to appear, determ ne whether or not the
intensity of the effects varies wth dose and/or duration, and place into
perspective the possible significance of these effects to human heal th.

The significance of the exposure |levels shown on the tables and graphs
may di ffer depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons or
with the identification of persons with the potential to devel op such
di sease may be interested in |l evels of exposure associated with "serious”
effects. Public health officials and project managers concerned wth
response actions at Superfund sites may want information on | evels of
exposure associated with nore subtle effects in humans or aninals (LOAEL) or
exposure | evels bel ow which no adverse effects (NOAEL) have been observed.
Esti mates of levels posing minimal risk to humans (mnimal risk |evels,
MRLs) are of interest to health professionals and citizens alike.

For certain chenmicals, |evels of exposure associated with carcinogenic
effects may be indicated in the figures. These levels reflect the actual
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doses associated with the tunor incidences reported in the studies cited.
Because cancer effects could occur at |ower exposure levels, the figures

al so show estimated excess risks, ranging froma risk of one in 10,000 to
one in 10,000,000 (10* to 10), as devel oped by EPA.

Esti mat es of exposure |l evels posing minimal risk to humans (MRLs) have
been nmade, where data were believed reliable, for the nost sensitive
noncancer end point for each exposure duration. MRLs include adjustnents to
reflect human variability and, where appropriate, the uncertainty of
extrapolating fromlaboratory aninal data to humans. Al though nethods have
been established to derive these levels (Barnes et al. 1987; EPA 1980a),
uncertainties are associated with the techniques.

2.2.1 I nhal ati on Exposure
2.2.1.1 Deat h

At | east two hunan deaths follow ng inhalation of NDMA have been
reported in the literature. One was a male chem st who was involved in the
producti on of NDMA and was exposed to an unknown | evel of fumes for about
two weeks, and subsequently to an unknown | evel of fumes during cleanup of a
spilled flask (Freund 1937). The subject becane ill 6 days |later, showed
abdomi nal distention, |large anounts of yellow ascitic fluid, a tender and
enl arged liver and enl arged spleen, and died 6 weeks after the | ast
exposure. The other death was that of a male worker who was exposed to
unknown concentrations of NDVA in an autonobile factory. Autopsy of this
subj ect showed a cirrhotic liver with areas of regeneration (Ham lton and
Hardy 1974).

The lethality of inhaled NDVA has been evaluated in several acute
duration studies with animals. Four-hour single exposure LC  values of 78
ppm (95% confidence Iimts of 68 and 90 ppm) and 57 ppm (95% confi dence
limts of 51 and 64 ppm) were determned for rats and m ce, respectively
(Jacobson et al. 1955). The observation tine in these assays was 14 days.
The cause of death was not specified but |iver damage and henorrhage in
various abdom nal tissues were predom nant pathol ogic findings. Druckrey
(1967) reported that the "LD," for rats exposed to NDVA by inhalation for
one hour is 37 ng/kg. The air concentration corresponding to this dose is
not reported but a value of 925 ppm can be calculated frominformtion
provided in the report; confidence in this value is |ow, however, because
this information is anbi guously reported. Two of three dogs that were
exposed to 16 ppm NDVA for 4 hours died or were noribund by the second day
(Jacobson et al. 1955). Al dogs that were simlarly exposed to 43-144 ppm
died or were noribund after 1-3 days. The 57 ppm nouse and 78 ppmrat LC,
values are presented in the acute duration category in Table 2-1 and Figure
2-1. The Druckrey (1967) rat value is not included in Table 2-1 and Figure
2-1 due to uncertainty regarding its validity. The 16 ppm concentration
represents a LOAEL for lethality in dogs due to acute duration inhalation



TABLE 2-1. tLevels of Significant Exposure to N-Nitrosodimethylamine - Inhalation

Exposure
Graph Frequency/ LOAEL? (Effect)
Key Species Duration Effect NOAELY  Less Serious Serious Reference
(ppm) (ppm) (ppm)
ACUTE EXPOSURE
Death
1 rat 4 hr, 78 (LCgy) Jacobson et al. 1955
once
2 mouse 4 hr, 57 (LCgg) Jacobson et al. 1955
once
3 dog 4 hr, 16 (death) Jacobson et al. 1955
once
Systemic
4 rat 4 hr, Hepatic 78 (hemorrhagic necrosis) Jacobson et al. 1955
once
5 mouse 4 hr, Hepatic 57 (hemorrhagic necrosis) Jacobson et al. 1955
once
6 dog 4 hr, Hemato 16 (increased clotting time) Jacobson et al. 1055
once
7 dog 4 hr, Hepatic 16 (hemorrhagic necrosis) Jacobson et al. 1955
once
CHRONIC EXPOSURE
Cancet
8 rat Life, 50 (CELC) (nasal tumors) Druckrey et al. 1967
2 d/wk,
30 min/d
9 rat 25 mo, 0.07 (CEL) (liver, lung, Moiseev and Benemanski
cont inuous kidney tumors) 1975
10 mouse 17 mo, 0.07 (CEL) (liver, tung, Moiseev and Benemanski
cont inuous kidney tumors) 1975
ZNOAEL - No Observed Adverse Effect Level

LOAEL - Lowest Observed Adverse Effect Level

CCEL - Cancer Effect Level
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FIGURE 2-1. Levels of Significant Exposure to N-Nitrosodimethylamine -

Inhalation
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exposure (Table 2-1 and Figure 2-1). The concentration of 16 ppmin air
(Jacobson et al. 1955) is presented in Table |-2.

2.2.1.2 System ¢ Effects

No studi es were | ocated regardi ng nuscul oskel etal or renal effects in
humans or aninmals foll ow ng inhal ati on exposure to NDVA.

Respiratory Effects. Freund (1937) observed small henorrhages in the
bronchi and trachea of a person who died from accidental exposure to vapors
of NDMA (Section 2.2.1.1).

No studies were located regarding respiratory effects in aninals
foll ow ng.inhal ati on exposure to NDVA.

Cardi ovascul ar Effects. Subpericardi al henorrhage was observed in a
person who died fromacci dental exposure to vapors of NDVA (Freund 1937)
(Section 2.2.1.1).

No studies were |ocated regarding cardi ovascul ar effects in animals
follow ng inhal ati on exposure to NDVA.

Gastrointestinal Effects. Gastrointestinal henorrhage was observed in
a person who died from acci dental exposure to vapors of NDVA (Freund 1937)
(Section 2.2.1.1).

No studies were located regarding gastrointestinal effects in animals
follow ng inhal ati on exposure to NDVA.

Hemat ol ogi cal Effects. No studies were | ocated regardi ng hemat ol ogi cal
effects in humans follow ng inhal ati on exposure to NDVA.

Hemat ol ogi cal determ nations were perfornmed in dogs that were exposed
to 16-144 ppm NDMA for 4 hours (Jacobson et al. 1955). I|ncreased coagul ation
time, increased prothronbin tine, increased plasma cholinesterase |evels and
| eukopeni a occurred foll owi ng exposure to all concentrations. There was no
evi dence of intravascular henmplysis. As indicated in Section 2.2.1.1, the
concentrations producing these effects were | ethal. Pathol ogic exanm nation
of the dogs showed bl oody ascites and henorrhage in the liver and ot her
abdomi nal tissues, Due to the clinical evidence of inpaired blood
coagul ati on and the possibility that the henorrhagic effects were related to
i mpai red coagul ation, 16 ppmis a LOAEL for hematol ogi cal effects due to
acute inhal ation exposure (Table 2-1 and Figure 2-1).

Hepatic Effects. Four cases of liver disease in humans resulting from
i nhal ati on exposure to NDVA have been described in the literature. Two of
t he subjects died; these cases are discussed in Section 2.2.1.1. O the
subj ects who did not die, one was a chem st who was exposed to unknown
concentrations of fumes and experienced exhaustion, headache, cranps in the
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abdomen, soreness on the left side, nausea and voniting for at |east two
years (Freund, 1937). The second case was an autonpbile factory worker who
was exposed to unknown | evels of NDVA and becane violently ill with jaundice
and ascites (Hamilton and Hardy 1974).

Hepatotoxicity is a predom nant effect of high concentrations of
i nhaled NDMA in animals. Pathol ogi c exam nati on of dogs follow ng exposure
to 16-144 ppm NDMA for 4 hours showed marked necrosis and varyi ng degrees of
henorrhage in the liver (Jacobson et al. 1955). Related effects at al
concentrations included increased bilirubin |l evels and increased
sul f obr onopht hal ein retention. As indicated in Section 2.2.1.1, the
concentrations producing these effects were lethal. Jacobson et al. (1955)
al so indicated that necrosis and henorrhage occurred in the liver of rats
and mce that were exposed to |lethal concentrations of NDVA for 4 hours; as
indicated in Section 2.2.1.1, LC, values for the rats and mce are 78 and
57 ppm respectively. The 16 ppm 57 and 78 ppm concentrations represent
LOAELs for hepatic effects due to acute inhal ation exposure and are
presented in Table 2-1 and Figure 2-1. The concentration of 16 ppmin air
(Jacobson et al. 1955) is presented in Table I-2.

Dennal / Ocul ar Effects. No studies were | ocated regarding dernmal or
ocul ar effects in humans foll ow ng inhalati on exposure to NDVA

Limted infornation is avail able regardi ng dermal or ocul ar effects of
i nhal ed NDVA. Doolittle et al. (1984) reported that the only toxic signs
observed in rats exposed to 500 or 1000 ppmfor 4 hours were reddened eyes
and piloerection. The only additional information reported in this study
pertained to genotoxic effects. Although high concentrations of NDVA vapor
are likely to be irritating, the significance of the reddened eyes and
pi | oerection cannot be determ ned because it is not specified if the effects
occurred at both concentrations and preval ence is not indicated. As
indicated in Section 2.2.1.1, acute exposure to nmuch | ower concentrations of
NDVA was |l ethal for rats, mce and dogs. The lack of nortality in rats at
the higher concentrations in the Doolittle et al. (1984) study may be
attributable to the fact that the animals were killed i mediately follow ng
exposure and consequently not observed for subsequent death.

No studies were | ocated regarding the follow ng effects in humans or
animal s follow ng inhalation exposure to NDVA:

2.2.1.3 | mmunol ogi cal Effects
2.2.1. 4 Neur ol ogi cal Effects
2.2.1.5 Devel opnental Effects
2.2.1.6 Reproductive Effects
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2.2.1.7 Genotoxic Effects

No studies were |ocated regardi ng genotoxic effects in humans foll ow ng
i nhal ati on exposure to NDVA.

Rat s exposed to 500 or 1000 ppm of NDMA in the air for 4 hours showed
chem cally induced DNA repair in epithelial cells in the nasal turbinates
and trachea. DNA repair was al so evident in hepatocytes, indicating that the
subst ance entered the general circulation. No DNA repair was seen in the
pachytene spermatocytes, indicating that NDVA either did not reach the
testes in high enough concentrations, or that the testes could not
net abolically activate the conpound (Doolittle et al. 1984). It should be
noted that the exposures in this study are likely to have been lethal if the
rats had. been observed followng treatnent; as indicated in Section 2.2.1.1,
4- hour exposure to much | ower concentrations of NDVA was |ethal for rats,

m ce and dogs in other studies.

2.2.1.8 Cancer

No studies were |ocated regardi ng carcinogenic effects in hunmans
foll owi ng inhal ati on exposure to NDVA.

The carcinogenicity of inhaled NDVA has been evaluated in two studies.
Twi ce weekly 30-m nute exposures to 50 or 100 ppm NDVA vapor for life
produced mal i gnant nasal cavity tunors in rats (Druckrey et al. 1967). The
i nci dence of tunors was 67%in each group, and the tine to induce tunors in
50% of the rats was 400 days. G oup sizes were small (12 and 6 aninals at 50
and 100 ppm respectively), control data were not reported, and additional
informati on regardi ng | ongevity was not provided. The 50 ppm concentration
is included in Table 2-1 and Figure 2-1 as an effect |evel for cancer
(cancer effect level, CEL) in rats due to intermttent inhalation exposure
of chronic duration

Rats and mice that were continuously exposed to 0.07 ppm NDVA for 25
and 17 nonths, respectively, developed significantly increased incidences of
lung, liver and kidney tunors (Miseev and Benemanski 1975). Tunor types
i ncl uded vari ous adenomas, carcinonas, and sarcomas in the lung, liver and
ki dneys, and hemangiomas in the liver, but the types were not tabul ated
according to species or concentration. Induction of nasal tunors was not
reported. Exposure to 0.002 ppm NDVA according to the sanme schedul e did not
produce significantly increased incidences of tunors in either species.
Since the tunors associated with exposure to 0.07 ppm NDVA are consi stent
with those produced by NDVA in oral and injection studies and the study is
reported adequately otherwi se, 0.07 ppmis considered to be a CEL for rats
and m ce due to continuous inhalation exposure of chronic duration (Table
2-1, Figure 2-1).

EPA has adopted the oral carcinogenicity slope factor (BH) of 51
(my/ kg/ day) ' ( see Section 2.2.2.8) as the slope factor for inhalation (EPA
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1988a). The oral slope factor was converted to a unit risk for inhalation of
1.4 x 107° (+g/m)™", which is equivalent to 42.4 (ppm)'. Using this unit

ri sk, the concentrations associated with upper bound lifetinme cancer risk
levels of 10°to 10"are calculated to be 2.36 x 10° to 2.36 x 10° ppm
respectively. The cancer risk levels are plotted in Figure 2-1.

2.2.2 Oral Exposure
2.2.2.1 Deat h

At | east three human deaths followi ng oral exposure to NDVMA have been
reported in the literature. One of the fatalities was a woman who was
apparently poi soned over a two-year period by her husband (Fussgaenger and
Ditschuneit 1980, Pedal et al. 1982). It was estimated by the authors that
she received at | east 4 doses as high as 250-300 ng each, for a total dose
of less than 1.5 gram the nean daily dose was estinated to be 50 <g/Kkg.
Both clinical and autopsy findings indicated that she died of hepatic
failure. Two other people (an adult male and a | -year-old boy) died within
days after consum ng | enonade tainted with unknown quantities of NDVA
(Ki mbrough 1982, Cooper and Ki nbrough 1980). Based on ani mal studies, the
authors estimated that the adult m ght have received about 1.3 gm and the
boy m ght have received about 300 ng. In both cases, clinical and autopsy
findings primarily showed liver failure and cerebral henorrhage.

Single dose lethality studi es have been conducted in whi ch NDVA was
adm nistered to rats and cats by gavage. Druckrey et al. (1967) determ ned a
LD,, of 40 ng/kg for rats. This value was determ ned using an unspecified
graphi c technique, and confidence limts and specific nortality data were
not reported. Al of 12 rats that were treated with 40 ng/kg in a skin
grafting (imunol ogy) experinment died by day 21, but the stress of skin
graft rejection may have contributed to nortality (Waynforth and Magee
1974). Jenkins et al. (1985) reported that single 25 ng doses of NDVA
resulted in 100% nortality in an unspecified nunber of rats, but it is
unclear if this is dose per kg body weight or dose per total body weight.
Singl e doses of 15 and 20 ng/ kg were not |ethal for nonpregnant rats but 23
nyg/ kg was estimated to be the LD,, for pregnant rats (N shie 1983). The LD,
for the pregnant rats was extrapolated using nortality of 18-day pregnant
rats given single oral doses of 15 or 20 ng NDWMA kg. A dose of 10 ng/kg did
not produce deaths in rats within 48 hours (Sum and M yakawa 1983). Two of
6 cats died when treated with 50 ng NDMA kg (Maduagwu and Basir 1980). The
NOQAEL and appropriate LOAEL values for lethality fromthese single dose
studies are included in the acute duration category in Table 2-2 and Figure
2-2. The 40 ng/ kg and 23 ng/kg rat LD, s are also presented in Table 2-2 and
Fi gure 2-2.

Rats, guinea pigs, cats and nonkeys that were treated with NDVA by
gavage at a dose of 5 ng/kg/day for 11 days experienced 30-40% nnortality;



TABLE 2-2.

Levels of Significant Exposure to N-Nitrosodimethylamine - Oral

Exposure
Graph Frequency/ b LOAELS (Effect)
Key Species Route? Duration Effect NOAEL Less Serious ’ Serious Reference
(mg/kg/day)
ACUTE EXPOSURE
Death
1 rat (G) once 40 (Lbgq) Druckrey et al.
1967
2,3 rat (G) once 20 23 (LDgq) Nishie 1983
(non-pregnant rats) (pregnant rats)
4 rat (G) 5-11 days, 5 (decreased Maduagwu and
daily survival) Bassir 1980
5 rat (G) once 10 Sumi and Miyakawa
1983
[ rat (G) 6 days, 8 (decreased McGiven and
daily survival) Ireton 1972
7 mouse (W) 1 wk & 9.5 (decreased Terracini et al.
daily survivatl) 1966
8 gn pig (G) 5-11 days, 5 (decreased Maduagwu and
daily survival) Bassir 1980
9 hamster (W) 1, 2, 4, 7 4.0 Ungar 1984
or 14 d,
daily
10 cat (G) 5-11 days, 5 (decreased Maduagwu and
daily survival) Bassir 1980
11 cat (G) once 50 (death) Maduagwu and
Bassir 1980
12 monkey (G) 5-11 days, 5 (decreased Maduagwu and
daily * survival) Bassir 1980
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TABLE 2-2 (continued)

Exposure .
Graph Frequency/ b LOAELS (Effect)
Key species Route®  Duration Effect NOAEL tess Serious Serious Reference
(mg/kg/day) .
Systemic
13 rat (G) once Hepatic 2.5 (degeneration) Jenkins et al.
1985
14 rat (G) once Hepatic 20 (necrosis) Nishie 1983
15 rat (G) once Other 20 Nishie 1983 o
(thyroid) .
16 rat (G) once Hepatic 8 (necrosis) Sumi and Miuakawa fas)
1983 =
&
17 rat (F) 1or2 Hepatic 3.75 (necrosis) Khanna and Puri E -
wk, daily 1966
: =1
18, 19 rat (G) once Hepatic 0.7 1.9 (vacuolation) Korsrud et al. %
1973 =
3
20 rat (G) 5-11 d, Hepatic 5 (necrosis) Maduagwu and wn
daily Bassir 1980
21 gn pig (G) 5-11 d, Hepatic 5 (necrosis) Maduagwu and
daily Bassir 1980
22 hamster (W) 1, 2, 4, 7 Hepatic 4.0 (portal venopathy) Ungar 1984
or 14 d,
daily
23 cat (G) 5-11 d, Hepatic 5 (nécrosis) Maduagwu and
daily Bassir 1980
24 monkey (G) 5-11 d, Hepatic 5 (necrosis) Maduagwu and
daily Bassir 1980
Immunological
25 rat (G) once 40 Waynforth and

Magee 1974



TABLE 2-2

Exposure
Graph Frequency/ b LOAELS (Effect)
Key Species Route®  puration Effect NOAEL Less Serious Serious Reference
(mg/kg/day)
Developmental
26 rat (G) once, 20 (decreased Nishie 1983
Gd15, fetal weight)
or 20
Cancer
27 mouse (W) 1wk, 9.5 (cELY) (kidney, Terracini et al. o
daily lung) 1966 .
INTERMEDJATE EXPOSURE =
=
>
Death
2
28 rat (G) 30 d, 1 Maduagwu and
daily Bassir 1980 Q
i
29, 30 rat (F) 24-110 d 2.5 5.0 (death) Barnes and Magee g
daily 1954 —
/)
3" rat (F) 40 wk, 3.9 (decreased Magee and Barnes
daily survival) 1956
32 rat W) 30 wk, 0.32 (decreased Lijinsky and
5 d/wk survival) Reuber 1984
33 rat (G) 30 wk, 6.0 (decreased Lijinsky et al.
2 d/wk survival) 1987
34 mouse W) 49 d, 1.8 (decreased Clapp and Toya
daily survival) 1970
35 mouse (F) 5 mo, 5.26 (decreased Takayama and
daily survival) Oota 1965
36 mouse W) 13 wk, 1.9 (decreased Den Engelse
daily survival) et al. 1974

6T



TABLE 2-2

(continued)

Exposure
Graph Frequency/ b LOAEL® (Effect)
Key Species Route? Duration Effect NOAEL Less Serious Serious Reference
(mg/kg/day)
37 mouse (W) 224 d, 0.4 Clapp and Toya
daily 1970
38 mouse (W) 38 wk, 1.19 (decreased Terracini et al.
daily survival) 1966
39 gn pig (G) 30 d, 1 Maduagwu and
daily Bassir 1980
40 hamster (G) 4 wk, 10.7 (decreased Lijinsky et al. »
1 d/wk survival) 1987
s
41 hamster  (G) 20 wk, 5.4 (decreased Lijinsky et al. 5‘3
1 dswk survival 1987 E—;
42 hamster (W) 8, 12 or 4.0 (death) Ungar 1986 =
16 wk, E
daily 5|
a
43 hamster (W) 28 d, 4.0 Ungar 1984 3
daily ©n
44 cat (G) 30 d, 1 (decreased Maduagwu and
daily survival) Bassir 1980
45 monkey (G) 30 d, 1 Maduagwu and
daily Bassir 1980
46 mink (F) 32-34 d, 0.32 (decreased Carter et al.
daily survival) 1969
Systemic
47 rat (F) 40 wk, Hepatic 3.9 (necrosis) Magee and Barnes
daily 1956
48, 49 rat (F) 62-110 d 2.5 5.0 (necrosis) Barnes and Magee

daily

1954
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TABLE 2-2

(continued)

Exposure
Graph Frequency/ b LOAELS (Effect)
Key Species Route® Duration Effect NOAEL Less Serious Serious Reference
(mg/kg/day)
50 rat (F) 4,8 or 12 Hepatic 3.75 (necrosis) Khanna and Puri
wk, daily 1966
51 rat (G) 30 d, Hepatic 1 (vacuolation) Maduagwu and
daily Bassir 1980
52 mouse (F) 16-92d, Hepatic 13 (hemorrhage/ Otsuka and
daily necrosis) Kuwahara 1971
53 mouse W) 1-4 wk, Hepatic 5.0 C(hemorrhage) Anderson et at. i
daily 1986
jany
54 mouse (F) 5 mo, Hepatic 5.26 (hemorrhage/ Takayama and g
daily necrosis) Oota 1965 S
55 gn pig (G) 30 d, Hepatic 1 (necrosis) Maduagwu and =
daily Bassir 1980 t,_f’j
)
56 rabbit (F) 22 wk, Hepatic 1.6 (fibrosis) Magee and Barnes g
daily 1956 =3
73
57 hamster (W) 8, 12 or Hepatic 4.0 (portal venopathy) Ungar 1986
16 wk,
daily
58 hamster (W) 28 d, Hepatic 4.0 (portal venopathy) Ungar 1984
daily
59 dog ) 3 wk, 2 d/w Hepatic 2.5 (necrosis) Strombeck et al.
(consec) 1983
60 cat (6) 30 d, Hepatic 1 (necrosis) Maduagwu and
daily Bassir 1980
61 monkey (G) 30 d, Hepatic 1 (necrosis) Maduagwu and
daily Bassir 1980
62 mink (F) 122 d, Hepatic 0.13 (venopathy) Koppang and

daily

Rimeslatten 1976
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TABLE 2-2 (continued)

Exposure

Graph Frequency/ b LOAELS (Effect)

Key Species Route? Duration Effect NOAEL Less Serious Serious Reference

(mg/kg/day)

63 mink (F) 32-34 d, Hepatic 0.32 (necrosis) Carter et al.
daily ’ 1969

Developmental

64 mouse (W) 75 d, 0.02 (perinatal Anderson et al.
gestation death) 1978

Cancer

65 rat (F) 40 wk, 3.9 (CELd) (liver) Magee and Barnes
daily 1956

66 rat (W) 30 wk, 0.3 (CELd) (liver) Keefer et al.
5 d/wk 1973

67 rat ) 30 wk, 0.32¢ceL9) (liver) Lijinsky and
5 d/wk Reuber 1984

68 rat ® 30 wk, ' 6.0 (cEtY (liver, Lijinsky et al.
2 d/wk lung, kidney) 1987

69 mouse W) 49 d, 1.8 (CELd) (liver, Clapp and Toya
daily lung) 1970

70 mouse W) 38 wk, 1.19 (CELd) (liver, Terracini et al.
daily lung, kidney) 1966

71 mouse (W) 224 d, 0.4 (CELd) (tiver) Clapp and Toya
daily 1970

72 mouse (F) 10 mo, 9.04 (CELd) (liver, Takayama and
daily ' Lung) Oota 1965

73 mouse  (F) 16-92 d, 13 (cetd) (lung)  otsuka and
daily Kuwahara 1971

74 mouse (G) 50 wk, 1 (CELd) (liver) Griciute et al.

2 d/wk

1981

C
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TABLE 2-2

(cont inued)

Exposure
Graph Frequency/ b LOAELC (Effect)
Key Species Route? Duration Effect NOAEL Less Serious Serious Reference
(mg/kg/day)

75 mouse (F) 5 mo, 5.26 (CELd) (liver, Takayama and
daily lung, kidney) Oota 1965

76 hamster  (G) 20 wk, 5.4 (CELY) (Liver) Lijinsky et al.
1 d/wk 1987

77 hamster  (G) 6.5 uk, 5.4 (CELY) (liver) Lijinsky et al.
2 d/wk 1987

78 hamster  (G) 4 wk, 10.7 (CELd) (Liver) Lijinsky et al.
1 d/wk 1987

79 hamster (W) 12 or 4.0 (CELY) (liver) Ungar 1986
16 wk,
daily

CHRONIC EXPOSURE

Death

80 rat (F) 54 wk 0.5 Terao et al.

1978

81 mouse ) 406 d, 0.43 (decreased Clapp and Toya
daily survival) 1970

82 mink (F) 321-670 d 0.1 (decreased Koppang and
daily survivat) Rimmeslatten 1976

Systemic

83 rat (F) 54 wk Hepatic 0.5 Terao et al.

1978

84 rat (F) 96 wk, Hepatic 0.5 Arai et al. 1979
daily

85 mink (F) 321-670 d Hepatic 0.1 (venopathy, Koppang and

daily

focal necrosis)Rimmeslatten 1976

C
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TABLE 2-2 (continued)

Exposure

Graph Frequency/ b LOAELS (Effect)

Key Species Route? Duration Effect NOAEL Less Serious " Serious Reference

(mg/kg/day)

Cancer

86 rat (F) 54 wk 0.5 (CELd) (testes) Terao et al.
daily 1978

87 rat (F) 96 wk, 0.05 (CELY) (liver) Arai et al. 1979
daily

88 rat (F) 9 wk, 10 (cet9) (liver)  Ito et al. 1982
daily

89 rat W) Life, 0.02 (CELY) (Lliver) Peto et al. 1984
daily

90 mouse (W) tife, 0.43 (CELd) (liver, Clapp and Toya
daily - lung) 1970

91 mink (F) 321-607 d 0.1 (cELY) (liver) Koppang and
daily Rimeslatten 1976

3G - gavage, F - diet, W -

drinking water, C - capsule

PNOAEL - No Observed Adverse Effect Level
CLOAEL - Lowest Observed Adverse Effect Level

dCEL - Cancer Effect Level
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mean survival tinmes were 5-11 days (Maduagwu and Bassir 1980). Rats treated
by gavage daily with 8 ng/ kg NDVA for 6 days experienced 10% nortality
wthin one nonth (McG ven and Ireton 1972). Admi nistration of NDVA in the
drinking water at a daily dose of 9.5 ng/kg for one week resulted in
decreased survival in mce (Terracini et al. 1966). Adm nistration of a
daily dose of 4 ng/kg/day in the drinking water of hansters for 1, 2, 4, 7
or 14 days did not result in nortality (Ungar 1984). The hanster NOAEL val ue
and all LOAEL values for lethality fromthese repeated exposure studies are
recorded in Table 2-2 and plotted in Figure 2-2. The nouse dose of 9.5

ng/ kg/ day was cal cul ated fromthe adninistered concentration of 50 ppmin
water (Terracini et al. 1966); this concentration is presented in Table |-4
for short-term exposure.

Nunmerous oral studies in which NDVA was adm nistered for internediate
durations (15-365 days) have been conducted. Deaths resulting from
i nternmedi ate duration exposure to NDVA were usually attributed to Iiver
toxicity or carcinogenicity. Representative |ethal and nonl etha
i nternmedi ate duration exposures in various species are presented bel ow.

In rats, decreased survival resulted when 0.32 ng NDMA/ kg was given in
the drinking water for 5 days/week for 30 weeks (Lijinsky and Reuber 1984),
and when 6 ng/ kg was admini stered by gavage for 2 days/week for 30 weeks
(Lijinsky et al. 1987). Control groups were not included in the latter study
but there was 100% nortality by 40 weeks after cessation of treatnent.
Barnes and Magee (1954) adm nistered NDVA in the diet to small nunbers of
rats (6/group); 2.5 ng/kg/day produced no deaths, 5 ng/kg/day produced 100%
mortality after 62-93 days, and 10 ng/ kg/day produced 100% nortality after
34-37 days. Rats treated with 3.9 ng/kg/day in the diet for 40 weeks al so
had high nortality (Magee and Barnes 1956). Daily exposure to 1 ng/kg/day by
gavage for 30 days had no effect on survival of rats (Maduagwu and Bassir
1980). Jenkins et al. (1985) observed nortality in rats that received 2.5 ng
doses of NDMA by gavage for 4 days/week for 9 weeks, but it is unclear if
this is dose per kg body wei ght or dose per total body weight. The NOAEL
values and all reliable LOAEL values for lethality in rats fromthese
intermedi ate duration studies are recorded in Table 2-2 and plotted in
Figure 2-2. The rat dose of 5 ng/kg/day was cal cul ated fromthe adninistered
concentration of 100 ppmin diet (Barnes and Magee 1954); this concentration
is presented in Table |-4 for | ong-term exposure. The rat dose of 0.32
my/ kg/ day was cal culated fromthe adm ni stered concentration of 5.5 ppmin
water (Lijinsky and Reuber 1984); this concentration is also presented in
Table 1-4 for |ong-term exposure.

In internmedi ate duration studies with m ce, decreased survival resulted
fromtreatnent with doses of 1.8 ng/kg/day via drinking water for 49 days
(Capp and Toya 1970), 1.9 ng/kg/day via drinking water for 13 weeks (Den
Engel se et al. 1974), 1.19 ng/kg/day via drinking water for 38 weeks
(Terracini et al. 1966) and 5.26 ng/kg/day via diet for 5 nonths (Takayana
and Oota 1965). Mce that received 0.4 ng/kg/day in drinking water for 224
days did not experience significantly decreased survival (C app and Toya
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1970). The NOAEL value and all LOAEL values for lethality in mce fromthese
intermedi ate duration studies are recorded in Table 2-2 and plotted in
Figure 2-2.

Survival data for intermedi ate oral exposure to NDVA are avail able for
speci es other than rat and nouse. Daily gavage exposure to 1 ng NDMA/ kg for
30 days caused decreased survival in cats but not guinea pigs or nonkeys
(Maduagwu and Bassir 1980). In hansters, daily adm nistration of 4 ng/kg/day
in the drinking water for 8, 12, or 16 weeks resulted in occasi onal
nori bundity (Ungar 1986), while no lethality resulted fromdaily
admi ni stration of the same dose for 28 days (Ungar 1984); this dose is a
NOAEL or LOAEL for lethality depending on duration of exposure. Once weekly
gavage treatnment with a dose of 10.7 ng/ kg for 4 weeks or 5.4 ng/kg for 20
weeks was | ethal for hansters (Lijinsky et al. 1987). Mnk that were given
doses of 0.32 or 0.63 ng/kg/day in the diet died after 23-34 days of
treatnent (Carter et al. 1969), but |ow nunbers of aninals were tested
(three per dose). Mnk fed a contam nated diet that provided approximtely
0.18 ng NDVA/ kg/day died (MartinO et al. 1988), but there is uncertainty
about the dietary concentration of NDVA used to cal cul ate the dose. The m nk
that were examned in this study were froma conmerci al breedi ng col ony t hat
died during a 2 nonth period; durations of exposure were not specified. The
NOQAEL val ues and all reliable LOAEL values for lethality in these
internmedi ate duration studies are recorded in Table 2-2 and plotted in
Fi gure 2-2.

Chronic lethality data are avail abl e for NDVA-exposed rats, mce and
m nk. Survival of rats that received 0.5 ng/kg/day of NDVA in the diet for
54 weeks (Terao et al. 1978) was not affected. Decreased survival occurred
in mce that were exposed to 0.43 ng/kg/day in the drinking water for life
(average 406 days) (C app and Toya 1970). M nk appear to be particularly
sensitive to NDVA as nortality resulted fromingestion of 0.1 ng/kg/day in
the diet for 321-670 days (Koppang and Rineslatten 1976). The NOAEL val ue
and LOAEL values for lethality in these chronic duration studies are
recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.2 Systemic Effects

No studies were |ocated regardi ng hematol ogi cal, muscul oskel etal or
dermal /ocul ar effects in humans or animals follow ng oral exposure to NDVA.

Respiratory Effects. Petechial and |arger henorrhages were observed in
the lungs of two people follow ng | ethal poisoning with NDVA (Ki nbrough
1982) (Section 2.2.2.1).

Macr oscopi ¢ congestion was noted in the lungs of rats that were
adm ni stered 3.75 nmg/ kg/ day doses of NDVA in the diet for |-12 weeks (Khanna
and Puri 1966). The adversity of the congestion cannot be deterni ned because
results of lung histological exam nations were not reported. No studies were
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| ocated regarding respiratory effects in animals due to chronic duration
oral exposure.

Cardi ovascul ar Effects. Myocardial and endocardi al bl eedi ng was
observed in a person follow ng | ethal poisoning with NDVA (Ki nbrough 1982)
(Section 2.2.2.1).

Macr oscopi ¢ congestion was noted in the nyocardiumof rats that were
adm ni stered 3.75 ng/ kg/ day doses of NDVA in the diet for |-12 weeks (Khanna
and Puri 1966). The adversity of the congestion cannot be deterni ned because
results of heart histological exam nations were not reported. No studies
were | ocated regardi ng cardi ovascul ar effects in animals due to chronic
duration exposure.

Gastrointestinal Effects. Gastrointestinal henorrhage occurred in
humans foll ow ng | ethal poisoning with NDVA (Ki mbrough 1982, Pedal et al
1982) (Section 2.2.2.1).

NDVA produced simlar gastrointestinal effects in animls. Barnes and
Magee (1954) observed occasi onal henorrhage into the gastrointestinal tract
inrats that died fromtreatnent with a single 50 ng/ kg dose of NDVA by
gavage , or with 10 ng/ kg/day doses in the diet for 34-37 days. The nunbers
of ani mal s exani ned were unspecified (single dose study) or snall (6 in the
di et study), and frequency of occurrence was not indicated. Gastrointestinal
henorrhages were al so observed in nmnk that ingested 0.32 or 0.63 ngy
NDMA/ kg/ day via diet for 23-34 days (Carter et al. 1969). Only three m nk
per dose were treated, the henorrhages occurred in a total of three m nk,
and the dose(s) that the affected m nk received was not specified. The cause
of the henorrhages in the mnk was attributed to gastric and duodenal
erosi ons. No studies were |located regarding gastrointestinal effects in
animal s due to chronic duration exposure.

Hepatic Effects. Five nmenbers of a famly who consumed unknown
quantities of NDMVA in | enonade becanme ill with nausea and vom ting
associated with acute liver disease, generalized bl eeding and | ow pl at el et
counts (Kinbrough 1982, Cooper and Ki nbrough 1980). As indicated in Section
2.2.2.1, two of these people died; the other three were released froma
hospital 4-21 days after admi ssion. Another fatality due to ingestion of
NDVA was attributed to liver failure (Fussgaenger and Ditschuneit 1980,

Pedal et al. 1982) (Section 2.2.2.1). Autopsies of the subjects described
above showed that the primary effects were henorrhagic and cirrhotic changes
in the liver and necrosis and henorrhage in other internal organs.

Hepat ot oxi city of NDMA has been described and investigated in nunerous
oral studies of acute, internediate and chronic duration in several anim
speci es. Hepatotoxicity is the nbost prom nent and characteristic systenic
effect of NDMVA, resulting in centrilobular necrosis and henorrhage often
| eadi ng to henorrhagi c ascites.
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In acute studies, characteristic hepatotoxic alterations, as indicated
above, occurred in rats follow ng single gavage doses as |ow as 20 and 8
mg/ kg (Ni shie 1983, Sum and Myakawa 1983), and follow ng daily doses of
3.75 ng/kg in the diet for 1 or 2 weeks (Khanna and Puri 1966). These doses
therefore are LOAELs for serious hepatic effects. Jenkins et al. (1985)
observed degenerative alterations in the livers of rats follow ng a single
2.5 ng/ kg gavage dose of NDVA. As these alterations (collapse of reticulum
network in the centrilobular areas foll owed by regeneration) were
nonnecrotic and did not result in |oss of the | obular architecture, the 2.5
ng/ kg dose is a LOAEL for |ess serious hepatic effects. Single gavage doses
of 1.9 ng/kg and 0.7 ng/kg are a LOAEL for |ess serious hepatic effects and
a NOAEL, respectively, for rats, as nonnecrotic histologic alterations
(clunmping and slight vacuolation of cells in the central vein area) occurred
at 1.9 ng/kg and no alterations occurred at 0.7 nmg/ kg (Korsrud et al. 1973),.
Dai |y gavage exposure to 5 ng/kg for 5-11 days produced henorrhagi c necrosis
in rats, guinea pigs, cats and nonkeys (Maduagwu and Bassir 1980). Hansters
that ingested daily doses of 4 ng/kg/day in the drinking water for 1, 2, 4,
7 or 14 days showed portal venopathy, a | ess serious hepatic effect (Ungar
1984). The NOAEL val ue and LOAEL val ues for hepatic effects in these acute
duration studies are recorded in Table 2-2 and plotted in Figure 2-2. The
rat diet dose of 3.75 ng/kg/day was cal cul ated fromthe adm ni stered
concentration of 75 ppmin food (Khanna and Puri 1966); this concentration
is presented in Table |-4 for short-term exposure. The hanmster drinking
wat er dose of 4 ng/kg/day was cal cul ated fromthe admni ni stered concentration
of 20 ppmin water (Ungar 1984); this concentration is also presented in
Table | -4 for short-term exposure.

In internmediate duration studies with rats, characteristic hepatic
ef fects (described previously) were produced by treatnment with NDVA doses of
3.75 ng/kg/day in the diet for 4-12 weeks (Khanna and Puri 1966), 5
ng/ kg/day in the diet for 62-95 days (Barnes and Magee 1954), and 3.9
mg/ kg/ day in the diet for 40 weeks (Magee and Barnes 1956). Jenkins et al.
(1985) observed cirrhosis in rats that received 2.5 ng doses of NDVA by
gavage for 4 days/week for 9 weeks, but it is unclear if this is dose per kg
body wei ght or dose per total body weight. A dose of 1 ny/kg/day
adm ni stered by gavage for 30 days produced centril obul ar congesti on and
vacuol ati on of hepatocytes wi thout necrosis in rats (Maduagwu and Bassir
1980), indicating that this dose is a LOAEL for |ess serious hepatic
effects. Hepatic alterations were not observed in rats treated with 2.5
ng/ kg/ day in the diet for 110 days (Barnes and Magee 1954). The NOAEL and
all LOAEL values for hepatic effects in rats fromthese internedi ate
duration studies are recorded in Table 2-2 and plotted in Figure 2-2.

Characteristic liver alterations (described previously) occurred in
mce that were treated with NDVA doses of 5.0 ng/kg/day in the drinking
water for |-4 weeks (Anderson et al. 1986), 13 ng/kg/day in the diet for 16-
92 days (O suka and Kuwahara 1971) and 5.26 ng/kg/day in the diet for 5
nont hs (Takayama and Oota 1965). These LOAELs for hepatic effects in mce
due to internedi ate duration exposure are included in Table 2-2 and plotted
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in Figure 2-2. The nouse dose of 5.26 ng/kg/day was cal cul ated fromthe
adm ni stered concentration of 50 ppmin food (Takayana and Qota 1965); this
concentration is presented in Table 1-4 for |ong-term exposure.

Li ver effects resulting frominternedi ate duration oral exposure have
been observed in species .other than rat and nouse. Treatnent with 1
ng/ kg/ day by gavage for 30 days was hepatotoxic for guinea pigs, cats and
nonkeys (Maduagwa and Basir 1980). Necrotic alterations occurred in dogs
treated with 2.5 ng/kg by capsule on 2 days/week for 3 weeks (Stronbeck et
al. 1983). Fibrotic and proliferative alterations w thout necrosis or
henorrhage were observed in rabbits treated with an average NDMA dose of 1.6
ng/ kg/ day in the diet for 22 weeks (Magee and Barnes 1956), indicating that
this dose is a less serious LOAEL for hepatic effects. Ccclusive alterations
in the portal veins devel oped in hanmsters that received daily 4 ng/kg doses
in the drinking water for 28 days or 8, 12 or 16 weeks (Ungar 1984, 1986),
indicating that this dose is also a | ess serious LOAEL for hepatic effects.
Simlar hepatic venopathy occurred in mnk exposed to 0.13-0.15 ng/kg/day in
the diet for 122 days (Koppang and Ri neslatten 1976). M nk that were given
doses of 0.32 or 0.63 ng/kg/day in the diet for 23-34 days had w despread
liver necrosis (Carter et al. 1969), but |ow nunbers of animals were tested
(three per dose). Liver necrosis was al so observed in mnk that ingested
0.18 ng/ kg/day via diet (MartinO et al. 1988); limtations of this study,
di scussed in Section 2.2.2.1, include uncertainty regardi ng exposure
duration and concentration. Al reliable LOAEL values for hepatic effects
due to internedi ate durati on exposure in these studies are recorded in
Table 2-2 and plotted in Figure 2-2. The hanster drinking water dose of 4
mg/ kg/ day was cal cul ated fromthe adm ni stered concentration of 20 ppmin
wat er (Ungar 1984, 1986); this concentration is presented in Table 1-4 for
| ong-term exposure. It should be noted that this water concentration (20
ppm) is higher than the water concentration associated with death (5.5 ppm
due to long-term exposure reported in Table 1-4. The apparent discrepancy in
these values is attributable to differences in species sensitivity and
| ength of exposure (rats exposed for 30 weeks, hansters exposed for 28
days) .

In chronic duration studies, characteristic hepatotoxic alterations
(descri bed previously) were not observed in rats that were treated with 0.5
ng/ kg/ day NDVA in the diet for 54 weeks (Terao et al. 1978) or 96 weeks
(Arai et al. 1979). Alterations in mnk that ingested 0.1 ng/kg/day doses of
NDMA in the diet for 321-670 days included occlusive changes in the hepatic
veins with focal necrosis (Koppang and Rineslatten 1976). Data regarding
hepatic effects of chronic oral NDMA exposure in other species were not
found in the available literature. The NOAEL val ues and LOAEL val ue for
hepatic effects due to chronic exposure in these studies are recorded in
Table 2-2 and plotted in Figure 2-2.

Al t hough hepatotoxicity is the primary effect of NDMA and has been
denmonstrated in all tested species, calculation of MRLs for NDMA is
precluded by insufficient data defining the threshold region (i.e., NOAELS)
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for intermedi ate and chronic exposures, particularly for species which
appear to be particularly sensitive (e.g., mnk) and because serious effects
(perinatal death) occurred in a devel opnental study (see Section 2.2.2.5) at
a dose |lower than any NOAELS for liver effects.

Renal Effects. No studies were |located regarding renal effects in
humans foll owi ng oral exposure to NDVA

Limted information is available regarding renal effects of
oral |l yadm nistered NDVA in animals. In a study by N shie (1983), pregnant and
nonpregnant rats were treated with a single NDVA dose of 15 or 20 ny/kg/ day
by gavage. An unspecified nunber of deceased ani nmals (dose and preghancy
state not indicated) had distal tubule necrosis two days follow ng
treatnent, and surviving rats had nornal ki dneys. Macroscopi ¢ congestion was
noted in kidneys of rats that were adm nistered 3.75 ng/ kg/day doses of NDVA
inthe diet for |-12 weeks (Khanna and Puri 1966). The adversity of the
congestion cannot be determ ned because results of kidney histol ogical
exam nati ons were not reported. Mbderate tubule congestion with other
effects (glonerulus dilatation, slightly thickened Bowran's capsul e) were
observed in nink that ingested 0.18 ng/kg/day via diet (MartinO et al.
1988); limtations of this study, discussed in Section 2.2.2.1, include
uncertainty regardi ng exposure duration and concentration

QO her Systemic Effects. Adrenal relative weight and mtotic count were
increased in rats following a single 20 ng/ kg gavage dose of NDMA (Nishie et
al. 1983). O her results of the adrenal histol ogical exam nations were not
descri bed, precluding assessnment of adversity of the increased adrenal
wei ght, There was no effect on thyroid weight or histology in the sanme
study. It therefore is appropriate to regard 20 ng/ kg as a NOAEL for
thyroid effects in rats due to acute oral exposure (Table 2-2 and Figure
2-2). Macroscopic congestion was noted in spleens of rats that were
adm ni stered 3.75 ny/ kg/ day doses of NDMA in the diet for |-12 weeks (Khanna
and Puri 1966). The adversity of the congestion cannot be deterni ned because
results of spleen histological exam nations were not reported.

2.2.2.3 I mmunol ogi cal Effects

No studi es were | ocated regarding i munol ogi cal effects in humans
follow ng oral exposure to NDVA

Limted information is avail abl e regardi ng i munol ogi cal effects of
orally-admnistered NDVA in aninmals. Skin graft survival tine and white
bl ood cell count were not reduced in rats that received a single 40 ng/ kg
dose of NDMA by gavage, indicating that treatment was not inmunosuppressive
(Waynforth and Magee 1974). The dose reported was near the LD50 for rats,
but all of the animals died by day 21; it is indicated that the high
mortality may partially reflect the stress of skin graft rejection. Although
treatnent resulted in 100% nortality, this dose represents a NOAEL for
i mrunol ogi cal effects due to acute duration oral exposure (Table 2-2 and
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Figure 2-2). No studies were |ocated regarding i munol ogi cal effects in
animals followi ng internmediate or chronic duration exposure to NDVA

2.2.2.4 Neur ol ogi cal Effects

No studi es were | ocated regarding neurol ogical effects in humans
follow ng oral exposure to NDVA

Dogs treated with 2.5 ng NDMA/ kg/ day by capsule on 2 consecutive
days/week for 3 weeks experienced marked central nervous system (CNS)
depression (Stronbeck et al. 1983). The significance of this observation
cannot be ascertained since it was not characterized further. As these dogs
devel oped |iver necrosis and hepatic insufficiency, it is possible that the
CNS depression is secondary to |iver danage rather than a direct
neurol ogi cal effect of NDNA.

2.2.2.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in humans
followi ng oral exposure to NDNA.

Evi dence indicates that orally-adm nistered NDVA is a devel opnent al
toxicant in animals. Fetuses of rats that received single 20 ng/ kg doses of
NDMVA by gavage on days 15 or 20 of gestation had significantly decreased
body wei ghts, but fetal survival data were not reported (N shie 1983). This
dose was also toxic to the dans as indicated by reduced body wei ght,
hepatotoxicity and nortality. Qher investigators have reported fetal
nortality in rats that were treated with a single 30 ng/ kg dose of NDVA by
gavage on various days during the first 12 days (Al eksandrov 1974) or 15
days (Napal kov and Al exandrov 1968) of gestation. In other studies, NDVA
reportedly caused fetal deaths in rats when adm nistered in the diet at a
dose of 5 ng/kg/day froman unspecified day in early pregnancy (treatnent
duration not indicated) (Bhattacharyya 1965), by gavage at a dose of 2.9
ng/ kg/ day during the first or second weeks of gestation (Napal kov and
Al ekandrov 1968), or by gavage at a dose of 1.4 ng/kg/day throughout
gestation until days 17-21 (not specified) (Napal kov and Al ekandrov 1968).
Teratogenic effects were not observed in the studies of Al eksandrov (1974)
and Napal kov and Al ekandrov (1968), and not evaluated.i.n the studies of
Ni shie (1983) and Bhattacharyya (1965). Evaluation of the studies of
Bhatt acharyya (1965), Napal kov and Al ekandrov (1968) and Al eksandrov (1974)
is conplicated by insufficient information regarding experinmental design and
results; deficiencies include |ack of control data, |ack of maternal
toxicity data, use of pooled data and/or uncertain treatnent schedul e. Due
to these limtations, there is | ow confidence in the doses associated with
fetotoxicity in these studies. As Nishie (1983) is the only adequately
reported fetotoxicity study, 20 ng/kg is presented as a LOAEL for
devel opnental effects in rats due to acute exposure to NDVA in Table 2-2 and
Fi gure 2-2.
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I n anot her experinent conducted by Al eksandrov (1974), a single dose of
30 ng NDMW kg was adm ni stered by gavage to rats on day 21 of gestation.
Hi st ol ogi cal exam nation of the offspring at the tinme of natural death (+274
days after exposure) reportedly showed tunors in 5 of 20 ani mals. Although
this is possibly a manifestation of transplacental carcinogenesis,
eval uation of this finding is precluded by Iimtations including a |ack of
control data and i nadequate reporting of tumor types.

I ncreased perinatal nortality (stillbirths and newborn deaths) occurred
in mce as a consequence of naternal treatnment with 0.02 ng NDMA/ kg/day in
the drinking water (Anderson et al. 1978). The mice were treated for 75 days
prior to mating and throughout pregnancy and | actation. Histol ogical
exam nations of the stillborn fetuses and dead neonates showed no
abnormalities. The 0.02 ng/kg/day dose represents a LOAEL for devel opnent al
effects due to internedi ate duration exposure (Table 2-2 and Figure 2-2).

2.2.2.6 Reproductive Effects

No studies were located regarding reproductive effects in humans
follow ng oral exposure to NDVA

There was no significant increase in tinme-to-conception in mce that
were exposed to 0.02 ng NDMA kg/day via drinking water for 75 days prior to
mati ng (Anderson et al. 1978). O her reproductive indices were not
eval uat ed.

2.2.2.7 Genotoxic Effects

Met hyl at ed DNA ( 7- et hyl guani ne and O - net hyl guani ne) was detected in
the liver of a victimof suspected NDVA poi soning (Herron and Shank 1980).
Addi ti onal studies regarding genotoxic effects in humans foll ow ng oral
exposure to NDVA were not | ocated.

Oral studies with rats indicate that the liver is sensitive to the
genotoxi c effects of NDMA. When adnini stered by gavage at a dose of 5.2
ng/ kg, NDMA induced damage in rat |iver DNA as nmeasured by increased
al kaline elution (Branbilla et al. 1981). Wen adm nistered to rats via
diet at a dose of 2.5 ng/kg/day, NDMA i nduced DNA damage in the liver as
measured by a slow sedinentation in al kaline sucrose gradi ents (Abanobi et
al. 1979). The effect was first observed after 2 days of feeding, and
becane progressively worse during the next 8 weeks of feeding; no
proportionate increases in damage occurred when the feedi ngs were continued
for 15 or 31 weeks. DNA synthesis and repair was detected in the liver of
rats treated with single 10 or 50 ng/ kg doses by gavage (Bernudez et al.
1982). Radi ol abel ed t hyni di ne uptake during nouse testicular DNA synthesis
was i nhibited by a single gavage dose of 50 ng NDMA/ kg (Friedman and Staub
1976) .
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Adm ni stration of NDMA to hansters by gavage at doses of 50, 100, or

200 ng/ kg on the 11th or 12th day of pregnancy caused ni cronucl eus formation
and chronposomal aberrations in the enbryonic fibroblasts (Inui et al. 1979).
NDVA di d not induce significant increases in sister chromatid exchanges in
bone marrow cells of Chinese hansters foll owi ng gavage adm ni strati on of
12.5-400 ng/ kg (Neal and Probst 1983).

2.2.2.8 Cancer

No studi es were | ocated regarding carcinogenic effects in humans
follow ng oral exposure to NDVA

The carcinogenicity of orally-adm ni stered NDVA has been denonstrated
unequi vocally in acute, internediate and chronic duration studies with rats,
m ce, hansters and m nk. The liver and lungs are the primary targets for
NDVA car ci nogenesi s but tunors of the kidneys and testes can al so occur.

I nci dences of liver and lung tunors are generally very high (often 50-100%,
but liver tunors appear to occur nost frequently in rats and hansters and

[ ung tunors appear to occur nost frequently in mce. The liver tunors are
usual I y hemangi osar comas and hepat ocel | ul ar carci nomas, and lung tunors are
usual |y adenonas and |iver tunor netastases.

Low i nci dences of epithelial tunors (8.6% and nesenchymal tunors
(14.5% devel oped in the kidneys of rats following treatnment with 8 ng
NDMW/ kg/ day for 6 days (McGven and Ireton 1972, Ireton et al. 1972).

Eval uati on of these data is conplicated by the lack of a control group.
Daily diet treatment with 9.5 ng/kg for one week produced kidney and | ung
adenomas in nice (Terracini et al. 1966). No other acute duration oral
carcinogenicity studies were found in the reviewed literature. The CEL from
the nouse study is presented in the acute duration category in Table 2-2 and
in Figure 2-2.

Nunmer ous oral carcinogenicity studies of NDVA of intermediate duration
have been conducted. Treatnment durations were often in the range of 20-40
weeks, frequency of treatnment ranged fromonce weekly to daily, and
carci nogenicity was observed in all studies. Studies representing various
treatnent durations and various nethods of oral treatnment (drinking water,
di et and gavage) for the |lowest doses in different species are identified
bel ow.

Rats admi ni stered NDVA in the drinking water at doses of 0.3
ng/ kg/ day, 5 days/week for 30 weeks, devel oped malignant |iver tunors
(Keefer et al. 1973, Lijinsky and Reuber 1984). Lijinsky et al. (1987)
observed high incidences of liver, lung and kidney tunors in rats that were
treated by gavage with 6 ng NDMA kg twi ce weekly for 30 weeks; controls were
not used in this study. In an internediate duration diet study with rats,
daily treatment with a dose of 3.9 ng/kg for 40 weeks resulted in a 95%
i nci dence of hepatic tunors (Magee and Barnes 1956). The CELs fromthese
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internmedi ate duration studies with rats are recorded in Table 2-2 and
plotted in Figure 2-2.

Li ver, lung and/or kidney tunors developed in mce that were exposed to
NDVA daily via drinking water at doses of 1.8 ng/kg for 49 days (C app and
Toya 1970), 1.19 ng/kg for 38 weeks (Terracini et al. 1966) and 0.4 ng/ kg
for 224 days (Cl app and Toya 1970). Daily admi nistration of NDVA via diet at
doses of 13 nmg/kg for 16-92 days (Ot suka and Kuwahara 1971), 5.26 ng/kg for
5 nmont hs (Takayana and Oota 1965) and 9.04 ng/ kg for 10 nont hs (Takayama and
Oota 1965) al so induced liver, lung and/or kidney tunors in mce. In the
only internedi ate durati on gavage study with mce, tw ce weekly doses of 1
ng/ kg for 50 weeks resulted in high (37-53% incidences of nalignant |iver
tunors (Giciute et al. 1981). The CELs fromthese internediate duration
studies with mce are recorded in Table 2-2 and plotted in Figure 2-2.

Hansters that were treated with NDMA by gavage twi ce weekly with a dose
of 5.4 mg/ kg for 6.5 weeks, once weekly with a dose of 10.7 ng/kg for 4
weeks, or once weekly with a dose of 5.4 ng/kg for 20 weeks devel oped hi gh
(60-79% incidences of liver tunors (Lijinsky et al. 1987). However, control
groups were not included in the study of Lijinsky et al. (1987). Daily
adm nistration of 4 ng/kg in the drinking water to hansters for 12 or 16
weeks resulted in high incidences of chol angi ocel | ul ar adenocar ci nonas
(Ungar 1986). The CELs fromthese internediate duration studies with
hansters are recorded in Table 2-2 and plotted in Figure 2-2. Hemangi onmat ous
liver tunors occurred in 55% of deceased mink that received NDVA in the diet
at an estimated dose of 0.18 ng/kg/day (MartinO et al. 1988); limtations of
this study, discussed in Section 2.2.2.1, include uncertainty regarding
exposure duration and concentration, exam nation only of animals that died
and use of historical controls. Due to the limtations of this study, it is
i nappropriate to present a CEL for mnk due to internediate duration
exposure in Table 2-2 and Figure 2-2.

Chronic oral carcinogenicity studies of NDVA have been conducted w th
rats, mce and mnk. Tunors at sites other than the liver and testis have
not been associated with chronic treatnent. Terao et al. (1978) observed a
47% i ncrease in the incidence of testicular Leydig-cell tunors, but no
tunors in the liver or other tissues, in rats that were treated with 0.5
nmy/ kg daily doses of NDVA in the diet for 54 weeks. Increased incidences of
|'iver tunors, but not testicular interstitial cell tunors, occurred in rats
that received 0.05 or 0.5 ny/kg/day doses of NDMA in the diet for 96 weeks
(Arai et al. 1979). In this study, liver tunor incidences were generally
higher in female rats than in male rats. Increased incidences of |iver
tunors also occurred in rats that were treated with NDVA in the diet for 96
weeks at a dose of 10.0 ng/kg/day (Ito et al. 1982); simlar treatnment with
doses of 0.1 or 1.0 no/kg/day did not produce increased incidences of liver
tunors. It should be noted that Wstar rats were tested in both the Ito et
al. (1982) and Arai et al. (1979) studies. The reason for the lack of Iiver
tunors at doses below the relatively high 10 ng/ kg/day dose in the Ito et
al . (1979) study is not clear, but my be related to | ow susceptibility of



38
2. HEALTH EFFECTS

male rats. In a lifetinme drinking water study, Peto et al. (1984)
adm ni stered doses of 0.001-1.2 ng/kg/day to rats and observed that

i ncidences of liver tunors were significantly increased at >0.02 ng/ kg/ day;
medi an survival tinme at the | owest tunorigenic doses was in the range of 28-
31 nmonths. Cranpton (1980) administered NDVA to rats in the drinking water
at doses ranging from0.002-1.5 ng/kg/day for |ife and observed i ncreased

liver tunor incidences at >0.008 ny/kg/day; median survival tinme at 0.008
nmy/ kg day was >900 days. The results reported by Cranpton (1980) were
prelimnary and there is uncertainty regardi ng the dosages; ppm
concentrations in water and ng/ kg/day equi val ency were reported, but the
basis for the equivalency is not indicated and the conversion cannot be
verified using standard nethodol ogy. C app and Toya (1970) adm ni stered NDVA
to mce via drinking water at daily doses of 0.43 and 0.91 ny/kg/day for
life and observed that incidences of lung tunors and |iver henangi osarcomas
were significantly increased at both doses; nmean survival tine at the | ow
and hi gh doses were 12 and 17 nont hs, respectively. Henmangi omatous |iver
tunors devel oped in mnk exposed to 0.1 ng/kg/day NDVA in the diet for 321-
607 days (Koppang and Rineslatten 1976). The CELs for rats, mce and m nk
fromthese chronic studies, except the uncertain value fromthe Cranpton
(1980) study, are recorded in Table 2-2 and plotted in Figure 2-2.

The EPA (1988a) has derived and verified an oral slope factor (B) of
51 (ng/ kg/ day) ' for NDVA based on the liver tunmor response in the Peto et
al . (1984) study. Using this slope factor, the doses associated with upper
bound lifetine cancer risk levels of 10° to 10" are calculated to be 1.96
x 10° to 1.96 x 10° ng/ kg/ day, respectively. The cancer risk levels are
plotted in Figure 2-2.

2.2.3 Dennal Exposure
2.2.3.1 Deat h

No studies were located regarding lethality in hunans or ani mals
foll ow ng dermal exposure to NDVA.

2.2.3.2 Systemic Effects

No studies were |located regardi ng systemc effects in humans foll ow ng
dermal exposure to NDMA. Linited information was | ocated regardi ng systemc
effects in aninmals followi ng dermal exposure; no ani mal studies provi ded
informati on on respiratory, cardiovascul ar, gastrointestinal, hematol ogical
muscul oskel etal, hepatic or renal effects.

Dermal / Ocul ar Effects. Small ul cerations and scarring of the skin were
observed in hairless mce that were treated once weekly with topical doses
of 33.3 ng NDMA/ kg for 20 weeks (Ilversen 1980). No studies were |ocated
regardi ng NDVA-rel ated ocul ar effects in aninals.
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O her Systemic Effects. Barnes and Magee (1954) noted that daily
application of 100 ng NDVW kg to rats for 4 days had no effect on general
condi ti on.

No studies were located regarding the following effects in humans or
animals foll owi ng dermal exposure to NDVA:

.2.3.3 I munol ogi cal Effects
.2.3.4 Neur ol ogi cal Effects
.2.3.5 Devel opnental Effects
.2.3.6 Reproducti ve Effects
.2.3.7 Genot oxi c Effects

N N N N N DN

.2.3.8 Cancer

No studies were | ocated regardi ng carcinogenic effects in humans
foll owi ng dermal exposure to NDVA
A low incidence of |lung adenomas (13%, but no skin tunors, devel oped
in hairless mce that were treated once weekly with 33.3 ng/ kg topical doses
of NDMA for 20 weeks (lversen 1980). Lung and skin tunors were not observed
in historical control groups. Although Iversen (1980) concluded that the
lung cancers were related to the topical applications of NDMA, it shoul d be
noted that the mce were housed 8 to a cage and coul d have |icked the NDVA
of f each other or inhaled the conpound due to its volatility.

2.3 RELEVANCE TO PUBLI C HEALTH

Death. Oral LD, values of 23 and 40 ng NDMW kg have been reported for
pregnant and nonpregnant rats, respectively (N shie 1983, Druckrey 1967).
Oral LD, s have not been determ ned for NDVA in other species. LD s for
single doses of NDMA adni ni st er ed by intraperitoneal injection have al so
been reported; these values are consistent with the oral LD, s and include
26.5 ng/ kg in rats (Barnes and Magee 1954), 42.7 ng/kg in rats (Heath 1962)
and 19 ng/kg in mce (Friedman and Sanders 1976). Repeated oral exposure to
NDVA resulted in decreased survival in rats, nmice and all other species that
have been tested. In general, doses ranging fromapproximtely 0.1-5
nmg/ kg/ day have produced death in aninmals after several days to severa
nont hs of exposure. Variations in |ethal doses appear to be attributable
nore to intraspecies differences than differences in frequency or nethod of
oral treatnent. Wth the exception of mink, there do not appear to be marked
differences in sensitivity anong the species that have been tested. Deaths
resulting froma single exposure or repeated exposures for several days or
several weeks are generally attributed to |iver toxicity;, deaths associated



40
2. HEALTH EFFECTS

with I onger duration (e.g., 20-40 weeks) exposures are due to liver tunor
devel opnent.

In general, |ethal doses,of NDVMA and causes of death are simlar anpng
ani mal species. Hunman fatalities due to ingestion or inhalation of NDVA were
also attributed to liver toxicity but adequate dose information is not
avai |l abl e.

Systemic Effects. Hepatotoxicity is the primary system c effect of
NDMA. Hepat ot oxicity has been denponstrated in all animl species that have
been tested, and has been observed in humans who were exposed to NDVA by
i ngestion or inhalation. The characteristic henorrhagi c necrosis caused by
NDVA are particularly prevalent foll owi ng exposure to acutely toxic single
doses or repeated doses for short durations. Liver tunors are the
predom nant effect of |onger duration exposures. The nmechani sm of NDMAI nduced
liver toxicity is not clearly understood but nmay be related to
al kyl ation of cellular protein (Barnes and Magee 1954, Magee et al. 1976,
Diaz Gonmez et al. 1981, 1983, MartinO et al. 1988).

Al t hough the hepatotoxicity of NDMA has been established unequivocally
in numerous acute, internediate and chronic duration oral studies with
animals, relatively few of the studies delineate dose-response relationships
and appropriate information regarding thresholds for this effect is not
avail able. As noted for lethality, reported hepatotoxic doses for al
speci es occur in the same general range with variations attributable nore to
i ntraspecies differences than treatnment schedule or nethod. Human fatalities
due to oral and inhal ati on exposure to NDMA have been reported in which
henorrhagic, necrotic and cirrhotic alterations in the liver were observed,

i ndi cating that NDVA produces simlar hepatic effects in humans and ani nal s.
Therefore it is reasonable to expect that NDMA al so will be hepatotoxic in
humans at subl et hal doses.

Limted information is avail abl e regardi ng nonhepatic systemc effects
of NDMA in humans. This infornmation has been obtai ned from aut opsi es of
victins accidentally exposed to NDYA vapors or poisoned after ingestion of
NDMA. The effects can be described as a general bl eeding tendency.

Henorr hages have been noticed in the gastrointestinal tract, heart,
respiratory systemand brain (Freund 1937; Ki nbrough 1982). The nechani sm by
whi ch NDMVA coul d i nduce bl eeding is not known, but the bl eeding tendency
coul d be a consequence of decreased formation of clotting factors resulting
fromliver damage, inpairnment of the clotting mechani smor decreased numnber
or function of platelets. Jacobson et al. (1955), for exanple, showed that
NDVA greatly increases prothronbin time in dogs exposed to NDVA by
inhalation. It is also possible that henorrhagic effects could be caused by
effects of NDVA on tissues. Because of its irritant properties, it is not
difficult to explain the occurrence of henorrhages in tissues that have
direct contact with NDVA (gastrointestinal bleeding after oral ingestion, or
bl eedi ng of the bronchi and trachea after inhalation). However, it remains
unknown why gastrointestinal bleeding can occur follow ng inhalation
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exposure. An alternative explanation could be that NDMA has a direct effect
on the bl ood vessels. In fact, Ungar (1984, 1986) showed that oral treatnent
of hamsters with NDVA i nduced fragnentation of elastic fibers in portal
vessel s as well as denudation of the portal endothelium Furthernore,

aut opsy of a victimof acute NDVA poi soning showed that "the central hepatic
veins had lost their endothelial'lining cells" (Kinbrough 1982).

There is a relative paucity of information for nonhepatic systemc
effects in animals because the enphasis of npbst studies was on
hepat otoxi city or cancer, for which the liver is the primary target organ
Nonhepatic systemic effects that have been reported include gastrointestina
henorr hage and congesti on of several organs (kidney, lung, heart, spleen) in
rats and/or mnk, but the preval ence of these effects cannot be determ ned
because these sites were exam ned infrequently.

I mmunol ogi cal Effects. A single oral dose of NDVA near the oral LD,
did not reduce hunoral imune response in rats, but a single intraperitoneal
dose near the intraperitoneal LD, reduced hunoral inmune response in nice
(Waynforth and Magee 1974). A nunber of other recent studies have found that
NDVA gi ven by intraperitoneal injection alters hunoral imunity and
ant i body- nedi at ed host defense nechani sns (Kam nski et al. 1989; Thonms
et al. 1985, Myers et al. 1986, 1987, Scherf and Schmahl 1975, Hol sappl e et
al . 1983, 1984, 1985, Johnson et al. 1987a,b). |nmunosuppression resulting
from NDVA exposure is not believed to be a result of direct interaction
between the reactive intermedi ari es of NDMA and spl enic |ynphocytes, thereby
indicating a difference between the nmechani snms of inmmunotoxicity and
carci nogenicity/genotoxicity (Hol sapple et al. 1984). In vivo studies have
shown that NDMVA nmodul ates the cellular i mmune response by altering the
production and/or maturation/differentiation of bone marrow stemcells into
functional macrophages (Myers et al. 1986, 1987). In vitro tests identify
the primary cell target of NDMA as the B-I|ynphocyte (Hol sapple et al. 1984,
1985). Thus, it is likely that NDVA decreases the overall reactivity of both
T- and B-lynphocytes. It is not known whether NDVA is likely to be
i mrunosuppr essi ve i n hunans.

Devel opnmental Effects. NDVA was fetotoxic to rats at oral doses that
were toxic to the nother. Linited data indicate that these doses were not
teratogenic for the rats. Oral adnministration of NDMA to mice resulted in
i ncreased perinatal deaths w thout histological abnormalities. It is not
known whet her NDVA coul d cause devel opnental effects in humans, but it cou
be a potential devel opnmental toxicant at doses which are toxic to pregnant
woren.

Reproductive Effects. Mce that were exposed to NDMA in drinking water
prior to mating and during pregnancy and | actati on showed an increase in the
frequency of perinatal death anong their offspring. Based on these data,
NDMVA coul d be considered a potential human reproductive toxicant.
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Genotoxic Effects. Several in vitro studies have exam ned genot oxic
effects of NDMA in human cells. As indicated in Table 2-3, NDMA i nduced DNA
repair and synthesis in human | ynphobl asts, and sister chromatid exchange
i n human | ynphocytes and fi brobl asts.

Genotoxi city of NDVMA has been denpbnstrated consistently in numerous in
vitro studies with non-human systens. As indicated in Table 2-3, NDMA was
mut ageni c in bacteria (Salnonella tvnhinmurium Escherichia coli), yeast
(Saccharonmvces cerevisiae), and mammal i an cells (Chi nese hanster V79 and
ovary cells and nouse | ynphoma L5178Y cells). NDMA i nduced unschedul ed DNA
synthesis and DNA repair and synthesis in rat, nouse and hanster
hepat ocytes. Treatnent-rel ated DNA fragmentati on occurred in rat and human
hepat ocytes. Chronosomal aberrations occurred in Chinese hanster primary
lung cells, rat ascites hepatoma cells, and rat esophageal tunor cells.
Sister chromatid exchanges occurred in Chinese hanster ovary cells, Chinese
hanmster primary lung cells, human | ynphobl asts and fi broblasts, and rat
esophageal tunor and ascites hepatona cells.

In vivo studies (Table 2-4) have shown that NDVA net hyl ates DNA, causes
DNA fragnmentation and i nduces DNA synthesis and repair in |liver and ot her
ti ssues of various species (e.g., rat, nouse, hanmster, gerbil). NDVA
i nduced chronosonmal aberrations in hanster enbryonic fibrolasts, sister
chromati d exchanges in nouse bone marrow cells, and mcronuclei in rat
hepat ocytes and rat and nmouse bone marrow cells. The genotoxic effects
i ndi cat ed above occurred after inhalation, oral or intraperitoneal
adm ni stration of NDVA. Sperm abnornmalities were not seen in mce follow ng
i ntraperitoneal adm nistration of NDVA. Sex |inked recessive |ethal
mut ati ons occurred in Drosophila nel anogaster, which indicates potenti al
heritabl e nutagenicity of NDVA

The wei ght of evidence indicates that NDVA is genotoxic in mamualian
cells. In vitro studies with human cells, as well as in vitro and in vivo
studies with animals and m crobes, support this conclusion. Gven the type
and wei ght of genotoxicity evidence, it is appropriate to predict that NDVA
poses a genotoxic threat to humans.

Cancer. The oral carcinogenicity of NDMA has been denonstrated in
nunerous studies with various species of aninmals. |Inhalation exposure to
NDMVA has been reported to be carcinogenic to rats and mce in two studies.
The carcinogenicity of NDVA is al so docunented in nunerous single and or
weekl y subcut aneous and intraperitoneal injection studies, and in studies in
whi ch NDMA was adm ni stered prenatally and to newborn animals. Many of the
carci nogenicity studies of NDVMA were conducted specifically to induce cancer
for various purposes, such as investigations of structure-activity
rel ati onshi ps and pat hogenesis. Tunors in tissues other than the |iver and
respiratory system (e.g., kidney, testis) have not been observed often in
many of the carcinogenicity studies; this appears to be attributable in part
to linmted exam nati on of nonhepatic tissues.



TABLE 2-3. Genotoxicity of N-Nitrosodimethylamine In Vitro

Result

Species With Without
Endpoint (Test System) Activation Activation References
Gene mutation Salmonel la typhimurium + + Araki et al. 1984,
Bartsch et al. 1980, Langenbach et al. 1986,
DeFlora et al. 1984, Prival and Mitchell 1981,
Ishidate and Yoshikawa 1980
Escherichia coli + NT Araki et al. 1984, DeFlora et al. 1984
Saccharomyces cerevisae + NT Jagannath et al. 1981, Frezza et al. 1983
Chinese Hamster V79 and + - Kuroki et al. 1977, Adair and Carver 1983,
ovary cells O'Neill et al. 1982, Carver et al. 1981,
Dickins et al. 1985, Bartsch et al. 1980,
Katoh et al. 1982, Langenbach 1986,
Hsie et al. 1978
Mouse lymphoma L5178Y cells + - Amacher and Paillet 1983, Clive et al. 1979
DNA fragmentation Rat hepatocytes NT + Bradley et al. 1982
Human hepatocytes NT + Martelli et al. 1985
Chromosomal Chinese hamster lung cells + NT Matsuoka et al. 1979, 1986,
aberrations Ishidate and Yoshikawa 1980
Rat ascites hepatoma (AH66B) and NT + Ikeuchi and Sasaki 1981

rat esophageal (R1, R3) tumor cells
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TABLE 2-3 (continued)

Result
Species With Without
Endpoint (Test System) Activation Activation References
Sister-chromatid Rat esophageal tumor, ascites hepatoma NT + Abe and Sasaki 1982, lkeuchi and Sasaki 1981
exchange
Human lymphocytes + - Inoue et al. 1983, Madle et al. 1987,
Human fibroblasts + NT Tomkins et at. 1982
Chinese hamster ovary cells + NT/- Tomkins et al. 1982, Okinaka et al. 1981
Blazak et al. 1985
Chinese hamster V79 cells + - Madle et al. 1987, Sirianni and Huang 1987
Blazak et al. 1985
Chinese hamster primary {ung cells + - Shimizu et al. 1984
DNA Damage Rat hepatocytes NT + Bermudez et al. 1982
DNA repair/ Rat hepatocytes + + Andrae and Schwarz 1981,
synthesis
Human Lymphoblasts + NT Andrae et al. 1979
Mice hepatocytes NT + McQueen et al. 1983
Hamster hepatocytes NT + McQueen et al. 1983
Rat pancreatic cells NT - Steinmetz and Mirsalis 1984

NT = Not tested
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TABLE 2-4. Genotoxicity of N-Nitrosodimethylamine In Vivo

Endpoint Species Result References
(Test System)
DNA methylation Rat, mouse, hamster + O'Connor et al. 1982, Bamborschke et al. 1983,
and/or gerbil liver Pegg et al. 1981, Pegg and Hui 1978, Stumpf et al.
1979
Human Lliver + Herron and Shank 1980
DNA fragmentation Rat liver and kidney elution + Brambilla et al. 1981, Petzold and Swenberg 1978,
Abanobi et al. 1979, Bermudez et al. 1982
Mouse liver and kidney elution + Cesarone et al. 1982
DNA synthesis Fetal mouse kidney and liver + Bolognesi et al. 1988
and repair
Mouse testes + friedman and Staub 1976, Cesarone et al. 1979
Rat liver + Bakke and Mirsalis 1984, Kornbrust and Dietz 1985,
Doolittle et al. 1984
Rat respiratory cells + Doolittle et al. 1984
Rat spermatocytes - Doolittle et al. 1984
Sex-linked recessive lethal Drosophila melanogaster + Brodberg et al. 1987, Blount et al. 1985,
mutations - Lee et al. 1983 -
Sperm abnormatities Mouse - Wyrobek and Bruce 1975
Sister chromatid exchange Chinese hamster bone marrow +/- Neal and Probst 1983
Mouse bone marrow + Sharma et al. 1983, Bauknecht et al. 1977
Chromosome aberrations Hamster embryonic fibroblasts + Inui et al. 1979
Micronucleus Rat bone marrow +/- Trzos et al. 1978
Rat hepatocytes + Mehta et al. 1987, Tates et al. 1980
Mouse bone marrow + Odagiri et al. 1986, Bauknecht et al. 1977

Hamster embryonic fibroblasts

Inui et al. 1983
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There is increasing evidence, derived fromin vitro and in vivo
met abol i ¢ studies, indicating that the carcinogenic effects of NDVMA are due
to a netabolite rather than the conpound itself (Singer 1979). NDMA is
converted into an al kylating (nmethylating) agent after netabolism by
m crosomal mi xed-function oxi dases. This process occurs principally in the
liver and to a | esser extent in kidney and lungs, and results in the
met hyl ati on of cellular macronol ecul es such as DNA, RNA and other protelns
Met hyl ation occurs at several positions in DNA |nclud|ng N', N° or N’ of
deoxyaden03|ne N°, N’ or 0° of deoxyguanosine; N° of deoxycytldlne and
0? or 0° of thym di ne. Experinental evidence indicates that nethylation at
t he 0°- posi tion of guanine may be responsible for the carcinogenic activity
of nitrosanmi nes in general, however, the carcinogenic potential of other
nmet hyl at ed products cannot be ruled out. The methyl ati on of DNA by NDVA has
been studi ed extensively (e.g., Banmborschke et al. 1983, O Connor et al.
1982, Pegg et al. 1981, Pegg and Hui 1978, Stunpf et al. 1979.).

The carci nogeni c properties of NDMA, and nitrosam nes in general, have
been extensively studied. It is of considerable interest that, despite its
ubi qui tous distribution, NDVA i nduces tunors in a |limted nunber of organs
and tissues and that there are marked differences in this response anong
ani mal species. Differences in pharnmacokinetics properties seemto play an
inportant role in the carcinogenic action of NDVA (Pegg 1980, Lijinsky
1987). For exanple, the degree of hepatic extraction fromthe portal bl ood
seens to determ ne whet her tunors develop in extrahepatic sites. Therefore,
| arge doses of NDMA tend to induce extrahepatic tunors (spill-over effect).
In addition, nmetabolic activating systens and repair mechani sns may not
operate at the same rates in different organs and different species. Route
of administration also seens to be a factor in NDVMA carci nogenesi s since
di fferent responses are seen in a particul ar speci es when different routes
of exposure are used. This suggests that rates of absorption can deternine
the site of tunor devel opnent.

Based on the unequivocal evidence of carcinogenicity in animals, it is
reasonable to anticipate that NDVA will be carcinogenic in humans. It is
i mportant to recognize that this evidence also indicates that oral exposures
of acute and internedi ate duration are sufficient to induce cancer

2.4 LEVELS I N HUMAN TI SSUES AND FLUI DS ASSOCI ATED W TH HEALTH EFFECTS

A consi derabl e amount of DNA nmethylation in the |iver of a suspected
NDVA poi soni ng case was reported by Herron and Shank (1980). Based on
studies in rats, in which the amount of DNA al kylation could be correl ated
with known anount of orally adm nistered NDVA, the authors estimated that
the victimhad been exposed to a dose of 20 nmg/kg or nore of NDMA. No ot her
studi es were located regarding |evels of NDVA or its nmetabolites in human
tissues and fluids associated with effects. Several analytical methods have
been devel oped to deternine |l evels of NDVA in human tissues and fl uids.
These nmethods are described in Chapter 6.
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2.5 LEVELS IN THE ENVI RONMENT ASSOCI ATED W TH LEVELS | N HUMAN Tl SSUES
AND/ OR HEALTH EFFECTS

Al t hough data relating specific amounts of NDMA in the environnent
with levels in human tissues and/or health effects have not been reported,
some qualitative information is available. This information, given bel ow,
has to be interpreted with caution since results were not always rigorously
reported or eval uated, and endogenous fornmation of NDVMA was not quantitated.

A hi gh incidence of nasopharyngeal carcinoma was found in Tunisia
(North Africa), Southern China and G eenl and anong popul ati ons who consune
foods with a high content of volatile nitrosami nes (Poirier et al. 1987). Lu
et al. (1987) found a positive correlation between the amount of NDVA and
other nitrosamnes in the gastric juice of Chinese with a high incidence of
esophageal carcinoma. Wld et al. (1987) observed a positive relationship
bet ween | evel s of 0°% met hyl deoxyguanosine (inplicated in the initiating
process of nitrosam ne-induced cancer) and incidences of esophageal and
stomach cancer in the province of Lin-xian, China. Yu and Henderson (1987)
reported finding a high incidence of nasopharyngeal carcinoma in individuals
from Hong Kong, who are known to consune fromearly in |life considerable
anounts of Cantonese-style salted fish, which has a high content of NDVA and
ot her nitrosam nes.

2.6 TOXI COKI NETI CS
2.6.1 Absor ption
2.6.1.1 I nhal ati on Exposure

No studies were located regarding the rate and extent of absorption of
NDMVA fol |l owi ng inhal ati on exposure of humans or animals to NDVA. However, it
can be inferred that NDVA is absorbed fromthe air since it can be detected
in the urine of rats (Klein and Schnezer 1984) and dogs (Raabe 1986) after
i nhal ati on exposure. Absorption is also indicated by reports of human
deaths follow ng inhalation of NDVA (see Section 2.2.1.1).

2.6.1.2 O al Exposure

No studies were |ocated regarding the absorption of NDVA foll ow ng
oral exposure of humans.

The absorption of NDVA fromthe gastrointestinal tract of animals is
fast. Less than 2% of the | abell ed conpound could be recovered fromthe
gastrointestinal tract 15 mnutes after oral adm nistration of 14C NDVA to
rats (Diaz Gonez et al. 1977). Absorption seens to be independent of the
dose administered (Diaz Gonez et al. 1972). In the rat, NDVA is absorbed
much faster fromthe small intestine than fromthe stomach, in isolated
preparations (Heading et al. 1974) and in vivo (Pegg and Perry 1981).
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Ishiwata et al. (1977) reported that the di sappearance curve of NDVA from
i sol ated guinea pig stonach and snall intestine follows first order
ki netics.

2.6.1.3 Der mal Exposure

No studies were | ocated regarding the absorption of NDVA foll ow ng
dermal exposure of hunans.

I ndirect evidence indicating that NDVA may be absorbed through the
skin was found in a study published by Iversen (1980) in which topica
application of NDMA induced |lung adenomas in mice. The results from
I versen, however, should be interpreted with caution since the mce were
housed 8 to a cage and coul d have |icked the NDVA from each ot her and al so
coul d have inhaled this volatile compound.

2.6.2 Di stri bution

Unnet abol i zed NDVA was found to be evenly distributed anong the main
organs of mce and rats shortly after i.v. injection to animals in which the
nmet abol i sm of NDMA had been inhibited (Magee 1956; Johansson and Tj al ve
1978). Wshnok et al. (1978) reported a sinmlar finding in rats follow ng
i.p. injections. Johnson et al. (1987a) reported that one hour after a dose
of 6 ng “C-NDMW kg was admini stered by intraperitoneal injection to mce,
the liver contained two tines as much radioactivity as the ki dney, spleen
and t hynus.

2.6.2.1 I nhal ati on Exposure

No studies were |located regarding the distribution of NDMA foll ow ng
i nhal ati on exposure of humans or ani mals.

2.6.2.2 Oral Exposure

No studies were |located regarding the distribution of NDMA foll ow ng
oral exposure of humans.

Daugherty and C app (1976) reported that 15 m nutes after oral
admi ni stration of “C-NDVA to mice, the relative amounts of radioactivity in
t he honogenates of heart, forestomach, esophagus, liver and |ung were 1, 2,
3, 10 and 70, respectively. The differences could be attributed to different
tissue affinity, transport and/or netabolism Measurable anpunts of NDVA
were reported in blood, liver, kidney, lungs and brain of mice exposed to 5
nmy NDMA/ kg/day in drinking water.for up to 4 weeks (Anderson et al. 1986).
NDMA has been detected in maternal blood, placenta, fetus and ammiotic
fluid of pregnant Syrian hanmsters for up to 2 hours after a single
subcut aneous dose of 12.5 ng/ kg of the chemi cal (A thoff et al. 1977).
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Li ver and ki dney DNA from 14-day-old rats becane | abelled after treating the
nursing nothers with C-NDVA by gavage (Diaz Gomez et al. 1986).

2.6.2.3 Der mal Exposure

No studies were |located regarding the distribution of NDMA foll ow ng
dermal exposure of humans.

The study by lversen (1980), in which lung adenormas were noticed in
mce after skin application of NDMA, indicates that this chemical (or a
nmetabolite) was distributed to the |ungs.

2.6.3 Met abol i sm

Evi dence fromin vitro and in vivo studies with rodents indicates that
NDMVA i s netabolized by hydroxylation of the a-carbon, followed by formation
of formal dehyde, nol ecular nitrogen and a nethylating agent, which is
considered to be the carcinogenic form(Lotlikar et al. 1975; Czygan et al
1973). Recent evidence suggests that a significant proportion of NDMA is
nmet abol i zed via a denitrosation mechanism The |atter nmechani smtakes place
inrats in vivo, as indicated by the urinary excretion of |abelled
met hyl amine after i.v. administration of “C-NDVA (Keefer et al. 1987), and
in human liver mcrosonmes (Yoo et al. 1988). The netabolism of NDVA is
summari zed in Figure 2-3.

Met abol i sm of NDMA varies anpong species (Prassana et al. 1985;
Mont esano et al. 1982). Age of the animal and route of administration can
al so influence the rate of netabolismof NDVA (Phillips et al. 1975). In
addition, at varying doses, different forns of enzynes appear to be
responsi bl e for NDVA net abol i sm (Kroeger-Koepke and M chejda 1979; Lotlikar
et al. 1978).

2.6.3.1 I nhal ati on Exposure

No studies were | ocated regardi ng the netabolism of NDMA foll ow ng
i nhal ati on exposure of humans or aninal s.

2.6.3.2 Oral Exposure

No studies were | ocated regardi ng the netabolism of NDMA foll ow ng
oral exposure of humans.

Phillips et al. (1975) denonstrated that NDVA is netabolized at a
| ower rate when given orally to rats than when adm ni stered by parentera
rout es.
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2.6.3.3 Der mal Exposure

No studies were | ocated regardi ng the nmetabolism of NDMA foll ow ng
dermal exposure of humans or animal s.

2.6.4 Excretion

Label | ed C0, can be detected in the exhaled air 1 hour after i.p.
admi ni stration of “C-NDVA to rats (Phillips et al. 1975). Henminki (1982)
admi ni stered | abell ed NDVA by intraperitoneal injection to rats and was abl e
to detect three main radioactive fractions in the urine over a period of 5
days. Fraction | was conposed of radioactive am noacids, fraction Il of
allantoin and a netabolite of thiazolidine-4-carboxylic acid, and fraction
Il of 7-methyl guanine.

2.6.4.1 I nhal ati on Exposure

Kl ein and Schnmezer (1984) reported that 10-30% of NDVA is excreted by
exhal ation after exposing rats to the chem cal during 10 m nutes by
endot racheal intubation. In beagle dogs, 23%of the adm nistered
radi oactive | abel is exhaled in 30 mnutes after a 3 hour inhalation
exposure (Raabe 1986).

2.6.4.2 O al Exposure

Spi egel hal der et al. (1982) reported that, in a 24 hour period, hunan
vol unteers excreted in the urine between 0.5 and 2.4% of an ingested dose of
12-30 pg of NDMA added to drinking fluids containing ethanol.

Unchanged NDVA was recovered in the urine and feces of rats up to 24
hours after a single oral dose of 50 ng (Magee 1956). Swann et al. (1984)
did not detect |abelled NDVA in the urine of rats after oral adm nistration
of 30 pg/Kg of “C-NDMA in water. Phillips et al. (1975 deternined that
after administration of a single oral dose of 5 ng of "“C-NDVA to female
rats the maxi numrate of “CO, production was 12.4% of the dose/hour, and
that 48% of the dose could be recovered as “C0, in the exhaled air in 7
hours and 5.7% as "C (total label) in a 24 hour urine sanple.

2.6.4.3 Dermal Exposure

No studies were |located regarding the excretion of NDVA follow ng
dermal exposure of humans or aninmal s.

2.7 | NTERACTI ONS W TH OTHER CHEM CALS
NDMA is normally forned by bacteria in the hunan stomach and snal

intestine, but not in the large intestine (Archer et al 1982; Spiegel hal der
and Preussnmann 1985; Zeisel et al. 1988). Also, rats and gui nea pigs have
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been shown to make NDMA in their stomachs (Hashinmoto et al. 1976; Omori et
al. 1979). Small ampunts of NDVA are formed in the saliva of humans;
concentrations can vary from4 to 10 pg/ nL depending on pH and type of food
in the nmouth (Rao et al. 1982). NDMA fornmation in the saliva can be

i ncreased by chemicals such as chlorogenic acid, which is found in coffee,
and decreased by a nunmber of synthetic additives, as well as caffeic acid,
tannic acid and ascorbic acid, which are found in coffee, tea, and citrus
fruits, respectively.

Consunpti on of al cohol has been shown to have conplicated effects on
the toxicity of NDVA. Rats that received al cohol (ethanol or isopropanol)
by gavage for 2 days before receiving NDVA had nore liver damage with the
al cohol than without it (Lorr et al. 1984; Maling et al. 1975). Increased
| evel s of plasma glutam c pyruvate transam nase were nonitored and used as a
sign of liver damage. Another study showed that 4 weeks of ethanol
pretreatnent in rats worsened the effects on DNA repair that occurred
foll ow ng DNA al kyl ati on i nduced by NDVA (Mufti et al. 1988). There is at
| east one other study in rats, however, that showed that 23 days of
pretreatnment with ethanol decreased the hepatotoxicity of NDVA (Cellert et
al . 1980).

O her substances to which people are exposed have been shown to alter
the toxic effects of NDMA in rats. Vitamin E and cal ci um channel bl ocki ng
agents have been shown to decrease the hepatotoxicity associated w th NDVA
(Landon et al. 1986; Skaare and Nafstad 1978). Seleniumincreased the toxic
effect of NDVA on the liver (Skaare and Nafstad 1978) and cadm um i ncreased
the carcinogenic effect of NDVA in the kidney (Wade et al. 1987). NDVA
i nduced hi gher incidences of stomach cancer in rats fed diets lowin zinc
than in those fed normal diets (Ng et al. 1984). Rats fed diets lowin
copper devel oped nore kidney tunors from NDMA than rats fed normal diets
(Carlton and Price 1973). In contrast, rats given NDVA and cupric acetate
had fewer tunors than rats gi ven NDVA (Yanmane et al. 1984). Although these
data indicate that sinultaneous adm nistration of other chenicals may
augnent NDVA toxicity in animals, it not clear how these sinultaneous
exposures nmay occur in humans.

2.8 POPU ATI ONS THAT ARE UNUSUALTaY SUSCEPTI BLE

People with chronic renal failure produce nore NDMA in their snal
intestines due to increased | evels of bacterial growh than normal people do
(Lele et al. 1983). This increase in NDVA can be bl ocked by injections of
ascorbic acid or antibiotics, but is potentiated by al cohol (Lele et al.
1987). Peopl e who consune al cohol may be unusually susceptible to NDVA for
reasons di scussed in Section 2.7.

2.9 ADEQUACY OF THE DATABASE

Section 104 (i) (5) of CERCLA, directs the Administrator of ATSDR (in
consultation with the Administrator of EPA and agencies and prograns of the
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Public Health Service) to assess whet her adequate information on the health
effects of NDVA is avail able. Where adequate information is not avail able
ATSDR, in cooperation with the National Toxicology Program (NTP), is
required to assure the initiation of a programof research designed to
determ ne these health effects (and techniques for devel opi ng nmethods to
determ ne such health effects). The follow ng discussion highlights the
availability, or absence, of exposure and toxicity information applicable to
human heal th assessnent. A statement of the rel evance of identified data
needs is also included. In a separate effort, ATSDR, in collaboration wth

NTP and EPA, will prioritize data needs across chem cals that have been
profil ed.
2.9.1 Exi sting Information on Health Effects of

N- Ni t r osodi net hyl ami ne

Information regarding health effects of NDMA in humans is limted to
case reports of fatalities due to hepatotoxicity follow ng ingestion or
i nhal ation. Health effects of NDMA in animals have been investigated in
nunerous oral studies and several inhalation and dermal studies. As
indicated in Figure 2-4, animal oral data are available for lethality,
system c toxicity, imrmunol ogical effects, neurol ogical effects,
devel opnental effects, reproductive effects, genotoxic effects and cancer.
These data indicate that hepatotoxicity and cancer are the npbst prom nent
NDMVA-rel at ed effects.

2.9.2 Data Needs

Si ngl e Dose Exposure. Information on lethality in rats foll ow ng
singl e oral doses, including two LD’values, are available. Information on
hepatic effects in rats due to single oral exposures are also avail abl e.
Addi ti onal single dose oral studies with rats would provide nore information
on thresholds for lethality and hepatotoxicity, and on nonhepatic effects.
Studi es on species other than the rat would provide data on interspecies
di fferences. Single-exposure inhalation experiments provide I[imted
information on lethality in rats, mce and dogs, and dermal/ocul ar effects
inrats; additional studies could corroborate these data as well as provide
NQAELs. Single application dernal studies would provide information on
lethality and skin and eye irritation.

Repeat ed Dose Exposure. Nunerous repeated dose studies of
i ntermedi ate duration have been conducted with rats, nice and ot her species.
These studies provide extensive informati on on doses and treatnent schedul es
that are | ethal and hepatotoxic but do not adequately identify threshol ds
for these effects, particularly in species that may be nore sensitive (e.g.,
m nk). Additional repeated dose oral studies designed to examine tissues
other than the liver could provide useful information on nonhepatic systemc
effects of NDVA. Oral studies conducted over periods |onger than 20-30 weeks
may not be necessary as sufficient evidence indicates that cancer will be
the predom nant effect. Repeated exposure inhalation studies could provide
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i nformati on on concentrations associated with lethality and systemc
ef fects.

Chroni ¢ Exposure and Carcinogenicity. Chronic oral and inhal ation
studi es of NDVA have been conducted with rats and m ce. These studies
i ndicate that the predoni n&nt effect of chronic exposure to NDMA is cancer
As | ow doses of NDMA have been tested in chronic oral studies and it is
establ i shed that internediate duration exposure to NDMA is sufficient to
i nduce cancer, additional chronic studies may not be needed.

Cenotoxicity. The genotoxic potential of NDMA is established
unequi vocally. Only several studies, however, evaluated genotoxic effects in
animals followi ng oral or inhalation exposure to NDMA, and only several in
vitro studi es evaluated human cells. Additional studies, particularly assays
with human cells and assays providing information on the potential for
heritabl e nutations, would add to the data base on genotoxicity.

Reproductive Toxicity. Oral exposure to NDVA for 75 days prior to
mati ng had no significant effect on tine-to-conception in mce. QO her
reproductive indices or species have not been eval uated. Hi stol ogical
exam nations of reproductive organs of aninals exposed in subchronic and
chroni c studies woul d provide relevant data. Miltigenerational or
conti nuous breeding studies would provide further information regarding
reproductive effects of NDVA in animals, which may be related to possible
reproductive effects in hunman

Devel opnmental Toxicity. Evidence indicates that NDVA is fetotoxic to
rats and mce, but NOAELs have not been defined. Well-conducted
devel oprment al studi es using several exposure levels and environnentally
rel evant routes of exposure could provide the dose-response information
necessary to determne the threshold for fetotoxicity and to determ ne the
possi bl e rel evance and risk for humans. Additional studies also could
determine if NDMA is a transplacental carcinogen

I mmunot oxi city. Information regardi ng i munol ogi cal effects of NDMVA in
humans is not avail able. | munosuppressi on by NDVA has been denmpnstrated in
a nunmber of intraperitoneal injection studies, but not in an oral study,
with mce. Specific inmunotoxicity tests or a battery of inmmunotoxicity
tests in which NDVA is adm nistered by the oral route would provide a better
assessnent of possible i munotoxic effects. Sensitization tests in aninmals
could provide informati on on whether an allergic response to NDVA is |ikely
in humans. Additional studies also could determine if NDVA is a
transpl acental carcinogen

Neurotoxicity. Dogs that were orally treated with NDVA reportedly
experienced central nervous system depression, but it is likely that this
effect is a consequence of |iver damage rather than direct neurotoxicity.
Addi tional information pertaining to neurotoxicity was not found.
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Neurotoxicity tests in aninmals exposed to NDVA coul d provide additiona
i nformati on on possi ble neurotoxic effects.

Epi deni ol ogi cal and Human Dosinetry Studies. The only information
avai |l abl e concerning effects of NDMA in humans cones from cases of acute
poi soni ng and subsequent death. In these cases, henorrhagic and necrotic
alterations and cirrhosis of the liver were observed. On the other hand,
effects in aninmals have been well docunmented (Section 2.2). Attenpts have
been made to nmeasure occupational exposure to NDMA, in particular in the
rubber industry. Unfortunately these attenpts have fail ed because NDMA is
met abol i zed al nost conpletely to CO, and water. Excretion rates for NDVA
nmeasured in experinmental animals are in the order of 0.02% of the ingested
dose (Spi egel hal der 1984). Although unchanged NDVA is unlikely to be
detected in the urine, it may be possible to nmeasure urinary excretion of
nonspeci fic DNA adducts (e.g., 7-nmethylguanine). As stated by Spi egel hal der
(1984), limted information is available on airborne exposures of individua
workers for the followi ng reasons: 1) usually workers are exposed to a
variety of chemcals and there is cross-contam nati on between jobs, 2)
transfers fromjob to job involve different exposures, 3) increases in
cancer incidences nost likely result from exposures that occurred in the
past, when no exposure data were avail able, and 4) no conprehensive study
has been conducted so far. Epidem ol ogy studies of individuals who live in
areas where NDMVA has been detected are necessary to obtain information on
whet her NDMA i nduces effects in humans simlar to those seen in aninals.

Bi omar kers of Disease. Since acute NDMA poi soning in humans caused
severe liver disease, sensitive clinical biochemstry liver function tests
m ght detect early hepatic damage fromtoxic exposure to NDVA. Recently,
WIld et al. (1987), using a radi oi munoassay, were able to detect el evated
| evel s of the pronutagenic |esion O -methyl deoxyguanosine in DNA of
esophageal cells fromindividuals with high incidence of esophageal and
stomach cancer. These individuals were found to consune foods with a
relatively high content of nitrosamni nes.

Di sease Registries. The only known health effects of NDVMA on humans are
t hose obtained from acute poisoning cases, in which postnortem exam nation
reveal ed severe |iver damage. If disease states attributed to exposure to
NDVA coul d be identified by epideniol ogi cal studies, the nunber of
i ndividuals affected, the exposure levels involved, and the factors
associated with identifying the disease in a given popul ati on, such as, the
vicinity to hazardous waste sites or industrial plants, could be determ ned.

Bi oavailability from Environnmental Media. No studies were | ocated
regardi ng the bioavailability of NDMA from environnmental media. Since NDVA
has been detected in anbient air, water and soil (ppb levels), it is
important to determine if NDMA can be absorbed by humans from environnent al
sanmples. It nust be noted that NDVA has been found in trace anpbunts in sone
foods and beverages and that endogenous formati on of NDVMA has been found to
occur fromthe nitrosation of amnes in the gastrointestinal tract. An
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under st andi ng of the bioavailability of NDMA from environnental media nmay be
obt ai ned by studying the biological fluids of individuals exposed in the

wor kpl ace or through the ingestion of NDMA-containing foods and beverages.
The limted i nformati on avail abl e regardi ng absorption paraneters of NDVA

in experinmental aninmals indicates that NDMA is rapidly absorbed fromthe
gastrointestinal tract; therefore, one can assune that if water or soi
contam nated with NDVA are ingested, NDVA will be readily absorbed.

Food Chai n Bi oaccunul ati on. No studies were avail abl e concerning food
chai n bi oaccurul ati on of NDMA from environnental sources. NDVA has been
detected in sanples of cooked fish and neat. However, occurrence of NDMA in
these sanples is not the result of bioaccurmulation but is the result of
formation during preservation and/or cooking (Scanlan 1983). Estinmation
t echni ques have been used to determ ne that NDVA woul d not bi oaccunul ate in
lipids of fish (see Section 5.3.1). Based on this |imted anount of
information, it is speculated that human exposure to NDVA through diet is
not the result of food chain bioaccunul ation. Mnitoring for the
accumul ation of NDMA in organisns fromseveral trophic |evels could be used
to support this concl usion.

Absorption, Distribution, Metabolism Excretion. Exam nation of
Section 2.6 clearly indicates that oral adm nistration of NDVA has been the
preferred route for studying its absorption, distribution, nmetabolism and
excretion. This is not surprising since oral administration is easier to
noni t or when conpared to other routes. The oral route seens to be the npst
pertinent to study since hunmans are nost likely to be exposed to
ni trosam nes orally. Toxicokinetic data with regard to dermal and inhal ation
exposure of NDMA are clearly |acking. Furthernore, dermal and inhal ation
exposures may | ead to different netabolic pathways and patterns of
di stribution and excretion, which could account for differences in the
degree of toxicity exhibited by different routes of exposure. The metabolism
of NDMA in isolated mcrosonal preparations seens to be well understood, but
studies with cultured human cells could provide additional useful
i nformati on. However, exploration of the denitrosati on nmechani smas an
alternative to a-hydroxylation requires nore attention. Deternination of the
urinary excretion of NDVMA in control human volunteers and in individuals
known to consune foods with high contents of nitrosam nes could provide
i nformati on concerni ng absorption and excretion of the xenobiotic.

Conpar ative Toxi cokinetics. No studies were |ocated regarding
comparative toxicokinetics of NDMA in vivo. In vivo studies are avail able
indicating differences in hepatic 0° -methyl guanine repair activity anong
rodent species (O Connor et al. 1982). A report by Prasanna et al. (1985)
indicates that the in vitro nmetabolismof NDMVA by liver mcrosones from
hansters, rats and chickens is qualitatively simlar, but with different
rates. Montesano et al. (1982) showed that liver slices fromhunans have a
nmet abol i ¢ capacity to activate NDMA sinmilar to that found in rats and
slightly I ower than that found in liver slices fromhansters. D fferences
anong species in the toxic responses to a chemical can be attributed to
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differences in the toxicokinetic paraneters. This seens to be particularly
true for Nbnitrosanines in general (Lijinsky 1987). The fact that a nunber
of factors (ani mal species, route of exposure, dosing schedule) appear to
determ ne the organ-specificity and the severity of the effect of NDVA

i ndi cates that caution nust be exercised when assum ng possible effects in
humans. Although little information is avail able regarding the

t oxi coki netics of NDVA in humans, analysis of NDVA in the urine of

i ndi vidual s accidentally exposed to the chem cal or of individuals consum ng
foods with a relatively high content of NDVA could provide quantitative

i nformati on on absorption and excretion.

2.9.3 On-goi ng Studi es

Two studies regarding the inmmunotoxicity of NDVA are known to be
ongoi ng (Federal Research In Progress, 1988). One is investigating the
i mrunosuppressi ve activity of subchronic and chronic adm nistration of NDVA,
specifically the in vitro anti body response of NDVA treated spl een cell
suspensi ons to a nunber of nutagens. This research is being performed by
Hol sappl e at Virginia Commonweal th University. A second study, performed by
Schook at the University of Illinois, is attenpting to identify nol ecul ar
mechani sns for the i munosuppressive effects of NDVA

In research being conducted by Anderson at the Division of Cancer
Eti ol ogy, National Cancer Institute, NDVA is being examned for its ability
to cause neurogenic tunors in mce by transplacental exposure.

In studies sponsored by N EHS, Faustman at the Univerity of Washi ngton
is evaluating NDVA and other related N-nitroso conmpounds for their in vitro
devel oprnental toxicity (Faustnan 1989).

A nunber of ongoing studies are investigating the netabolism of NDVA
(Federal Research in Progress, 1988). These include N-nitroso compound
detoxification by Jensen at Tenple University, Philadel phia, PA formation
and netabolismof nitrosam nes in pigs by Magee at Tenple University,
nmet abol i sm and genotoxicity of nitrosanines in rats by Rogan at the
University of Nebraska, Onaha, NE, and enzynol ogy of nitrosamni ne netabolism
inrats, mice and rabbits in a NCl-sponsored study by Yang at the University
of Medicine and Dentistry, Newark, NJ. Oher studies sponsored by NC are
bei ng conducted to find nmeans of shifting the bal ance of the netabolic
pat hway towards increasing inactivation and characterizing the possible role

of a-nitrosanmino radicals in the nmetabolismof NDVA (witten comuni cati on,
Keef er 1989).
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